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THREE WHEAT-COUCH GRASS HYBRIDS 
Frontispiece 

Above are shown three groups of parents and hybrids between wheat and couch grass. In 
each group the wheat parent is shown at the left, the F: hybrid in the center and the couch grass 
(Agropyrum) parent at the right. The hybrid forms show clearly the dominance of certain 
Agropyrum characteristics. 

Very wide crosses are frequently sterile and this limits their value to the breeder of sexually 
reproduced crop plants. In this instance however many fertile F: hybrids have been found and 
this fertility has been maintained or even increased in later generations. Back crosses to wheat 
have also been made. It is thus altogether possible that from this cross new forms of surpassing 
value to the plant breeder may eventually arise. Through such genus hybrids many new char- 
acteristics can be brought into utilization that at present do not exist in our cereal crops. 

The parentage of the crosses shown above is as follows: A, cross of the soft winter wheat 
lutescens 1060/10 with A. intermedium; B, cross of the hard spring wheat hordciforme 432 
with A. intermedium; C, hard spring wheat horeiforme 432 « A. elongatum. 
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HYBRIDS BETWEEN WHEAT AND 
COUCH GRASS 
Fertile Triticum-Agropyrum Hybrids of Great Scientific and 
Practical Interest 


S. VERUSHKINE and A. SHECHURDINE 


Central Station of Genetics and Plant-Breeding 
Saratov, U. S. S. R. 


HE hybridization of different 
| forms within one species is one 
of the most widespread and uni- 


versally adopted methods of breeding 
cultivated plants and it is in this field 
that plant-breeding has achieved some 
of its most important practical results. 
Everywhere the varieties bred by the 
method of pure line selection give way 
to the varieties of hybrid origin, charac- 
terized by the successful combination 
of factors important economically. 

The socialistic reconstruction of agri- 
culture, the tremendous growth of these 
giants of socialistic farming—the sov- 
hoz, kolchoz, and tractor stations, based 
on highly developed mechanized tech- 
niques, set new and pressing problems 
before the plant-breeding institutions 
of our Union. The socialistic country 
needs high-yielding varieties of superior 
quality, well adapted to the mechanized 
techniques. The solution of these prob- 
lems will call for the most daring and 
resolute methods of reconstruction on 
the part of the breeders of agricultural 
plants. The intra-species hybridization 
between races does not always satisfy 
the plant-breeder, as it limits the crea- 
tion of new forms by definite boun- 
daries and consists most often in the 
simple recombination of characters oc- 
curring in parents. 

With every year the methods of hy- 
bridization of remote species take a 
more important place in plant-breeding. 
Owing to the economically important 
results achieved in_ plant-breeding 
through this method, little by little the 
skeptical attitude toward it has given 
place to a general recognition of its 
possibilities. At present there remain 


few doubts concerning the great prac- 
tical value of crosses between related 
species and genera. Prof. G. Meister 
is the ideologist of the theory of re- 
mote crosses and the pioneer of its 
practical application in U. S. S. R. 

The most characteristic feature of 
practical and scientific activity of the 
Central Station of Plant-breeding and 
Genetics at the All-Union Institute of 
Grain Economy at Saratov, directed by 
Prof. G. Meister, is the wide applica- 
tion in plant-breeding of the methods of 
remote species hybridization. Having 
been the first to adopt this policy, our 
Station still leads in this phase of 
plant-breeding. 

During the last fifteen years the 
Station has experimented with the 
crossing of soft wheats with hard forms 
and winter wheat with rye. The im- 
proved agronomic forms developed 
from these crosses are, aside from 
their great scientific significance, of un- 
questionable value for practical plant- 
breeding. Several valuable varieties of 
spring and winter wheat have been iso- 
lated which combine high yielding abili- 
ties, drought-resistance and winter 
hardiness with an excellent quality of 
grain. Going on with the investigations 
in this direction the Station has ex- 
tended its. experiments to include crosses 
of Triticum with other species and 
genera not heretofore used. 

In recent years the Station has con- 
ducted under the direction of Mr. 
Shechurdine, extensive investigations of 
crosses of wheats with some of the 
species of the genus Agropyrum, es- 
pecially with Agropyrum repens and A. 
cristatum. Until recently all the ef- 
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forts to cross wheat with the above- 
named species of Agropyrum, undoubt- 
edly a close relative of Triticum, never 
gave any positive results. During the 
summer of 1930 Mr. N. B. Zizine of 
our Station, while working at the sov- 
hoz “Giant” (the north Caucasus), suc- 
ceeded in crossing 7. vulgare, (var. 
lutescens, pure line 62) with Agropy- 
rum. The seeds produced by this cross, 
sown in autumn, 1930, in the green- 
house of the Station in Saratov, gave 
several unquestionably hybrid plants. 

In order to determine definitely the 
species of Agropyrum used for the 
cross A, Shechurdine and N. B. Zizine 
were sent to the station of the sovhoz 
“Giant” in the summer of 1931. These 
scientists determined that the wheat 
was crossed with Agropyrum intermedi- 
um. This species of Agropyrum crosses 
readily with the spring and winter 
forms of 7. vulgare, with the forms of 
T. durum and also with T. diccocum. 
The above scientists repeated this cross 
in the summer of 1931 with equal suc- 
cess. They proved at the same time 
that Agropyrum elongatum crosses 
readily with hard and soft wheats. 

Both species of the couch grass, A. 
intermedium and A. elongatum have 
rather wide distribution in the European 
and Asiatic portions of U. S. S. R., as 
well as in western Europe, but the 
definite areas of their distribution have 
not yet been studied by us. A. inter- 


medium belongs to the cereals of the 
root-type, and A. elongatum to the 
bush-type; both are perennial. These 
species are typical cross-pollinated 
plants, although apparently self-pollin- 
ation can also take place. Separate ears 
when bagged set some seed. 

According to botanical descriptions, 
A. intermedium has several well defined 
forms and varieties. Our limited in- 
vestigation confirms its polymorphism. 
The polymorphism of A. elongatum 
appears to be considerably less, al- 
though this fact can be definitely proved 
only after a more extensive investiga- 
tion. The Station has undertaken a 
detailed study of these species of 
Agropyrum. 

The female parent in the above 
crosses always belonged to different 
lines of soft and hard wheats. The 
reciprocal cross has been performed on 
a very limited scale. The crosses of 
wheat with A. intermedium and A. 
elongatum were conducted in 1931 by 
Mr. Shechurdine. Beginning with the 
year 1932 all the work devoted to the 
crosses of wheat with Agropyrum has 
been performed by Mr. Verushkine. 
The results of this work for the two 
years are summarized in Table I.* 

During the two years that crosses 
have been made with A. intermedium, 
there have been used fifteen pure lines 
of soft spring wheat, five pure lines of 
winter wheat (soft), and six pure lines 


*TABLE I.—Crosses in 1932. 


Male Parents A. intermedium A. elongatum 
Zag 22. 88 28. 
B= 58's Bae 56's 
Female Parents 
Crosses T. vulgare (spring forms) 1811 1070 59.08 
in 7. vulgare (winter forms) 615 291 27.32 
1931 7. durum (spring forms)N432 402 8 74.13 2 15 53.57 
2828 1658 28 15 
Crosses T. vulgare (spring forms) 2405 903 38.33 1683 764 45.26 
in 7. vulgare (winter forms) 647 344 43.75 316 117 37.02 
1932 T. durum (spring forms) 1337 547 40.91 1024 467 45.60 
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of hard wheats. In crosses with A. 
elongatum eight pure lines of soft 
spring wheat, two pure lines of soft 
winter wheat and six pure lines of 
hard wheat have served as maternal 
plants. All the crosses of pure lines of 
wheat with A. intermedium and A. 
elongatum gave positive results, but the 
percent of fertilization fluctuated con- 
siderably, owing most probably to the 
varying compatibility of parental forms 
of wheat and couch grass used in the 
crosses. 

Thus, the per cent of successful polli- 
nation when crossing the soft wheat 
Sarrosa with the form of A. intermedi- 
um having no waxy bloom, (89 flowers 
pollinated ) equalled 71.42%, but when 
crossing the same form of the couch 
grass with the soft wheat T. albidum, 
pure line No. 3000, the number of 
pollinated flowers being 104, the per- 
cent of successful pollinations reached 
only 7.69% 

In another cross of T. vulgare, var. 
lutescens 62, with A. intermedium char- 
acterized by pubescence of the ear and 
known under the name of the variety 
trichoplorum, the percent of successful 
pollinations equalled 26.08, but when 
crossing the same wheat with the form 
of A. intermedium possessing a pro- 
nounced waxy bloom, the per cent of 
successful pollination rose to 51.92%. 
The same phenomena have been ob- 
served when crossing hard wheats with 
A. intermedium and A. elongatum, 
Thus, in the crosses of T. durum, var. 
hordeiforme 189 and hordeiforme 010 
with the same form of A. intermedium, 
we obtained in the former cross 70.37% 
of fertilization and in the latter 4.17%. 
When crossing the same wheats with 
a form of A. elongatum obtained from 
Kazakstan, the figures for the first case 
equal 80.45% and for the second, 
15.62%. 

All these data have to be thoroughly 
investigated, but even now it is possi- 
ble to state that the success of the 
cross depends on the selection of suit- 


able parents, as has also been shown in 
other genus crosses. This view has 
been held by Prof. Meister in his pa- 
pers* and has been confirmed by the 
results of the present experiment. 
Part of the hybrid seed obtained in 
1931 has been sown in pots in the 
greenhouse and fields of the Station 
in Saratov, the rest being sent to the 
plant-breeding station in Omsk (Si- 
beria). In view of the fact that in 
1931 the cross was performed almost 
exclusively between wheat and A. in- 
termedium, the following short descrip- 
tion of the characters of the hybrid 
plants will be limited to this cross and 
in a very restricted way to the hybrids 
of wheat crossed by A. elongatum. 


Description of the Hybrids 


The seed of crosses of T. vulgare by 
A, intermedium and A, elongatum pos- 
sess clearly differentiated embryos 
and, as a rule, abortive endosperms. 
When T. durum was pollinated with the 
above-mentioned species of the couch 
grass, we have obtained quite different 
results. The seed in this cross is quite 
normal, possessing a well developed 
embryo and perfectly filled endosperm, 
only in rare cases the endosperm is not 
well filled. 

The hybrid seed of crosses of T. 
durum X A. intermedium and A. elon- 
gatum cannot be distinguished, in the 
majority of cases, from the seed of 
maternal plants. We have observed 
the same phenomenon, but as yet only 
in few cases, in some pairs of crosses 
with 7. vulgare. In view of this one 
has to expect better germination of the 
hybrid grain from the cross of T. 
durum with the couch grass and such 
proved to be the case. Out of 836 hy- 
brid seeds from the cross of T. vulgare 
x A. intermedium, only 521 germinated 
(62.4%), but at the same time out of 
134 seeds from the cross of T. durum 
x A. intermedium 109 seeds have ger- 
minated (81.3% ). 

Differences between these crosses 


*Merster, G. K., Natural Hybridization of Wheat and Rye in Russia, Jour. Heredity, 
Vol. XII, No. 10. 1921. 


F: AND F: HYBRIDS 
Figure 1 
. At the left are shown the parents and F, forms of a cross between line 62 of Triticum vulgare 
lutescens and Agropyrum intermedium. At the right are shown the F: and Fs types of this same 
cross. Not all forms of wheat were found to be fertile with Agropyrum. Line 62 is the one with 
which success was first attained. 
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have been observed in the peculiarities 
of the development of the young plants. 
The F;, plants from the cross T. durum 
x A. intermedium in the early stages 
of their development were considerably 
stronger when compared with the F, 
plants from the crosses of 7. vulgare 
x< A. intermedium. In later stages 
these differences in the development of 
plants disappeared and by the time of 
heading one could observe in many 
cases quite an opposite phenomenon, 
when the F; generation from the cross 
of T. wulgare A. intermedium con- 
sisted of stronger and more normally 
developed plants. This is especially 
obvious when the female wheat parent 
belongs to the winter forms of this 
plant. The F; plants from these pairs 
of crosses, beginning with the moment 
of tillering and during all the subse- 
quent phases of development, were 
characterized by a considerable tillering, 
a high number of ear-bearing stems and 
by a_ generally healthy appearance. 
When sown in spring only a few of 
them headed in the following summer. 

In all these cases the F, plants 
showed the clear dominance of charac- 
ters of the couch grass and only a few 
plants occupied an intermediate position 
with regard to the characters of their 
ear structure. 

The F; plants appeared to be very 
variable in a great number of charac- 
ters, which can be explained by the 
heterozygosity. of the parental spe- 
cies of the couch grass, a cross-pol- 
linated plant. All the F; plants from 
the cross of T. vulgare and T. durum 
x A. intermedium, both in the green- 
house and in the field, proved to be of 
a perennial type of growth and the 
oldest crosses among them (1930) have 
fruited for the third time. 

A notable feature of the F, plants 
is the elongation of their period of 
vegetation. Apparently this fact is to 
be explained by a longer period of 
vegetation characteristic for the North 
Caucasian forms of A. intermedium. 


The F, plants grown in pots in the 
greenhouse are easily propagated vege- 
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tatively through the division of the 
stool, as well as by separate stems form- 
ing readily under greenhouse conditions 
from adventitious roots on the lower 
nodes situated above the surface of the 
soil. We can easily obtain by these 
means the vegetative progeny of sepa- 
rate plants. 

All the F; plants of the cross of T. 
vulgare X <A. intermedium and the 
greater part of plants from the cross 
of T. durum X A. intermedium proved 
to be completely self-sterile. All the F, 
plants were characterized by the open 
type of blooming. The female repro- 
ductive organs were of a normal ap- 
pearance, but the anthers in the majority 
of cases were leather-like, non-dehiscent 
though often containing yellow pollen. 
A more detailed investigation of the 
structure of pollen has not yet been 
attempted. 

Among the F; plants bred under field 
conditions during the summer of 1932 
there were found several plants with 
perfectly normal reproductive organs 
and with anthers dehiscent and contain- 
ing much pollen. The majority of these 
plants proved partly self-fertile. It is 
very important to note that all the nor- 
mally blooming and partly self-fertile 
plants observed up to this time result 
from the cross of 7. durum X A. in- 
termedium. There were found no such 
plants up to the present among the F; 
from the cross of 7. vulgare X A. 
intermedium, in spite of their consider- 
ably greater number. 

The F;, plants from the crosses of T. 
vulgare and durum X A. elongatum 
can be characterized in an analogous 
way according to the investigation per- 
formed only on limited material. There 
also the F, generation of these crosses 
proved to be perennial, with the clearly 
pronounced dominance of the characters 
of the Agropyrum parent. The plants 
were self-fertile in the majority of 
cases. But even here among the F; 
from the cross of 7. durum X A. 
elongatum, in spite of the limited ma- 
terial a few partly self-fertile plants 
have been observed. 
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Thus, according to the experimental 
data the cross of durum wheat with 
couch grass is distinct from the cross 
with 7. vulgare in regard to the hybrid 
grain, in percentage of germination, in 
development, and in the very important 
character of self-fertility. All this en- 
ables us to reach definite conclusions 
regarding the greater compatibility of 
the above mentioned species of the 
couch grass with hard wheat than with 
T. vulgare. The cytological investiga- 
tions of the hybrids between wheat and 
couch grass now under way at the 
Saratov Station should throw more 
light on this problem. 


Second Generation and Backcross to 
Wheat 


The pollination of 60 F; plants from 
the cross of T. vulgare X A. inter- 
medium performed in March and April 
of 1932 in the greenhouse, showed that 
out of the large number of pollinated 
flowers only 1.87 per cent set seed. 

The per cent of fertilization result- 
ing from the repeated pollination of the 
F, is very low in this cross, but still 
considerably higher than the per cent of 
fertilization by the repeated pollination 
of the rye-wheat hybrids by wheat, in 
which case it approaches only a few 
tenths of one per cent. 

There are reasons to believe that the 
seed in the F, hybrids can be formed 
also as a result of spontaneous crosses 
with wheat. 

The seed obtained by the repeated 
pollination of F,; by wheat was not 
uniform in its appearance, though it 
occupied as to its size and form an in- 
termediate position between the seed of 
T. vulgare and A. intermedium. As to 
its color, in most cases the grain 
is red, the intensity of the tint being 
somewhat variable; but among some 
pairs of crosses there were observed 
violet seeds. This phenomenon can be 


explained by the occurrence among the 
population of A. intermedium of some 
forms with violet seeds. 

Fifty-eight seeds obtained from this 
cross occupy in regard to their abso- 
lute weight an intermediate place be- 
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tween wheat and couch grass. Thus, the 
absolute weight of the wheat /utescens 
62, harvested in 1932 was 29.0 gr., that 
of A. intermedium harvested in 1932 
(plants grown in the nursery) 5.4 gr. 
and that of grain resulting from the 
repeated pollination of the F; genera- 
tion 9.6 gr. The germination of seed 
averaged 90.7 per cent, that is, was 
very close to normal. 

A small number of plants resulting 
from the repeated pollination of the F; 
from (T. vulgare X A. intermedium) 
crossed by wheat (1931), proved to 
belong also to the perennials. As to their 
growth habits, the plants were rather 
variable but on the whole resembled 
the wheat parent in many characters, 
especially in the structure of the head. 
One adult plant out of five proved to 
be partly self-fertile. As to their mode 
of blooming and the development of 
anthers, these F2 plants repeated in 
fundamental features the F, type. 

Through repeated pollination of the 
F. generation by wheat pollen in the 
greenhouse we succeeded in producing 
10 per cent of grain; the heads of some 
of the resulting F; plants are shown in 
Figure 1. The resulting F. plants are 
readily propagated vegetatively. 

Beside 7. vulgare and T. durum in 
the cross with A. intermedium there 
have been used as female parents, in 
1932, T. dicoccum and Secale cereale. 

In the first cross, 128 pollinated 
flowers gave 39 seeds, or 30.47 per cent, 
and 40 pollinated flowers of the second 
cross produced 5 seeds or 12.5 per 
cent. Beside T. vulgare and T. durum 
there were used for crosses with A. 
elongatum several other species. (Table 
IT.) 


Conclusion 


The crosses of wheat with the species 
of Agropyrum reveal new problems of 
tremendous interest. The obscurity of 
these problems and the large number 
of the species of Agropyrum that have 
not been investigated up to the present 
most certainly conceal many unexpected 
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discoveries of great value in the prac- 
tice of agriculture. 

The further investigation of this 
cross will result in the discovery of 
many interesting facts, pointing to the 
phylogenetic inter-relations of separate 
species of Agropyrum and their rela- 
tions to the species of Triticum, defin- 
ing in a more concrete way the place 
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occupied by Agropyrum in the phylo- 
geny of the tribe. These crosses may 
yield material that will oblige us to re- 
vise our existing conception of the 
origin of wheat. It becomes more and 
more evident that the ultimate limits of 
cereal breeding can be attained only 
after a thorough and profound study 
of the inter-relations of all the com- 
ponents of the Hordeae. 


Species of Wheat Crossed with A. Elongatum 


Number of pol- Numberof Per cent of 
linated flowers seeds fertilization 
T. persicum X A. elomgatuse........-......00—-sese--ee 40 11 27.50 
T. turgidum A. elongatum...... 24 10 41.15 
T. sphaerococcum X A. elongatum........——...0.- 35 18 51.43 
T. compactum A. 19 3 16.66 
T.monococcum X A. elongatum 24 0 0.00 


The Races of Man 


THE RACES OF MAN, by R. B. Bean. 
Pp. 134, 60 Illustrations. New York, The 
University Society, 1932. 


HIS book aims to cover a very 

wide field in a semi-popular way. 
Ten short chapters include a review 
of prehistoric peoples, the natural his- 
tory and evolution of man, the forma- 
tion of races, the dispersal of man, 
racial characters and the classification 
of man. The result is a degree of 
condensation which will render the 
subject rather unintelligible to the lay- 
man for whom the book is apparently 
intended. 


The background of archeological 
and prehistoric information is ade- 
quate for the comparative study of 
modern races. The best chapter is 
perhaps that on the dispersal of man, 
which is represented as taking place 
in eight spreading movements or in- 
vasions, sketch maps of which are 
given. The first represents Neander- 
thal man as spreading from Central 
Europe to South Africa and Central 
Asia, but recent discoveries throw 
doubt on the European origin of 
Neanderthal man. The seventh in- 
vasion is that of the Eskimos, from 


the Aleutian peninsula eastwards via 
Slave Lake and south of Hudson Bay 
to Labrador and thence to Greenland. 
It appears much more probable that 
the Eskimos migrated along the Arc- 
tic coast of America and eastwards 
over the Canadian Archipelago, fol- 
lowing the musk ox and _ entering 
Greenland than that they entered from 
the North. 

Many parts of the book would 
have been of more value if they had 
been expanded, but presumably a work 
of small size was stipulated by the 
publishers, as it belongs to a series of 
“Highlights on Modern Knowledge.” 
There are occasional statements to 
which exception would have to be 
taken, e. g., regarding the Australian 
aborigines, that their blood tests show 
a greater resemblance to the Euro- 
pean than to any other people, and 
that there are “hardly any” pure- 
blooded natives left. 

The illustrations, many of them 
from paintings and reconstructions in 
the American Museum and the Field 
Museum, are one of the best features 
of the book. 


R. Gates. 


University of London. 


DWARF MUTATION IN SORGHUM 
Figure 2 

The dwarf form shown here in comparison with normal plants in the same progeny ap- 
peared in the Fs generation of a self-fertilized line selected for certain desirable characteristics. 
The fact that the dwarfs appeared in only one progeny, the others consisting entirely of normal 
plants indicates that the form arose by mutation rather than by the recombination of size factors. 
In later generations the dwarf habit of growth behaved as a Mendelian recessive. 

Many of the earlier varieties of sorghum were so tall as to render their culture needlessly 
difficult. The development of a number of dwarf or semi-dwarf forms has been successfully ac- 
complished in the quarter century since sorghum and broom corn became important crops in 
certain parts of the United States. 
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A DWARF MUTATION IN KAFIR 


Joun B. 


Woodward, Oklahoma 


OST sorghums7 originally im- 
ported into the United States 
were too tall for economical 


and satisfactory grain production. This 
condition has led to a continuous search 
for dwarf varieties that has been fair- 
ly successful. In the milo group the 
Dwarf and Double (extra) Dwarf va- 
rieties, averaging about 3.5 and 2.5 
feet, respectively, in height have been 
isolated. The original Standard milo 
has an average height of six feet or 
more. Varieties of dwarf kafir were 
developed that have been grown for a 
number of years. These dwarf kafirs 
have an average stature of about four 
feet, a convenient height for hand head- 
ing, in contrast with many imported 
kafirs that reach a height of over six 
feet. Dwarf varieties of feterita, dur- 
ra, kaoliang, and broom corn also have 
appeared during the present century. 
Nearly all of the dwarf forms of the 
various sorghums, with the exception 
of the dwarf Shantung kaoliang im- 
ported from China, have been found or 
selected in the United States since the 
taller forms were introduced. The oc- 
casional appearance of new dwarf 
forms suggests that the sorghums are 
(1) exceedingly variable in height, (2) 
subject to loss of height factors by mu- 
tation, or (3) capable of producing new 
height classes by crossing between va- 
rieties possessing different height fac- 
tors. All three of the above condi- 
tions have been found in sorghums. 
The probable origin of some of the 
dwarf or short-statured varieties has 
been indicated by the behavior of the 
parent variety in crosses, but little is 
known about the circumstances of the 
first appearance of most of the new 
dwarf forms. The occurrence of a 


dwarf mutation in kafir at the South- 
ern Great Plains Field Station, Wood- 
ward, Okla., together with a descrip- 
tion of its parentage, is considered 
worthy of record. 


Origin of the Dwarf Mutation 


In the fall of 1926, an off-type head 
was selected from a plot of Red kafir, 
C. I. No. 34. It differed from the Red 
kafir in having shorter and_ thicker 
heads, less intensely colored seeds, and 
larger glumes that were black instead 
of red. 

The head was thought to be an F, 
cross of Red kafir and Reed (black- 
hull) kafir, and was selected for the 
purpose of obtaining a better strain of 
Red kafir. It was planted in 1927 and 
the progency segregated for color of 
seed, as expected. A number of heads 
were selected, and ten were planted in 
head rows in 1928. Seed heads were 
selected from three of the ten Fs rows, 
and six of these were planted in 1929, 
producing F, progenies. These Fy rows 
were fairly uniform in appearance, and 
selfed heads were selected from five of 
the six rows. In 1930, seed from ten of 
the selfed heads was planted in head 
rows, and in one of these (and in only 
one) a number of very dwarf plants 
made their first appearance. The row 
producing these extreme dwarfs con- 
tained 187 plants of normal height and 
36 dwarfs. The following year (1931) 
three head rows were planted from this 
segregating line: one from a selfed 
head of a normal plant and two from 
open-pollinated heads from extra-dwarf 
plants. The progeny of the normal 
plant segregated for normal and extra 
dwarf plants in approximately a 3:1 
ratio, the numbers being 153 normal 


*Agronomist, Division of Cereal Crops and Diseases, United States Department of Agricul- 


ture. 
tHolcus sorghum L., Sorghum vulaare Pers., Andropogon sorghum Brot. 
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and 49 extra dwarf plants. (Fig. 2.) 
The progenies of the two open-pollin- 
ated heads from extra dwarf plants 
were uniformly extra dwarf, with the 
exception of outcrosses (due to open 
pollination). The actual counts were 
234 extra dwarf plants and nine out- 
crosses in one row and 200 extra dwarf 
plants and 16 outcrosses in the other 
row. This indicates 5.44 per cent of 
crossing, which is low for dwarf plants 
exposed to showers of pollen from the 
surrounding taller plants. The aver- 
age height of normal plants in 1931 was 
51.6 + 2.8 inches and the extra dwarf 
plants 20.6 + 0.72 inches. Except in 
height and in head length, the normal 
and dwarf plants were very similar, 
both having red seeds. 

Two selfed heads from normal plants 
and four selfed heads from extra 
dwarf plants were planted in 1932. 
The seed from the normal plants again 
produced both normal and extra dwarf 
plants. The counts were 201 normal 
and 59 extra dwarf in one row and 
185 normal and 61 extra dwarf in the 
other. The extra dwarf progenies all 
bred true in 1932 as before. The seg- 
regating progenies again indicated a 
single factor difference for height. 


Discussion 


The origin by mutation of the very 
dwarf kafir plants in hybrid selections 
might be questioned except for the fact 
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that the dwarfs did not appear until 
the F; generation of the cross and then 
in only one of the eight progenies de- 
rived from the same Fs row. This 
progeny segregated only for internode 
length. In the F, population the range 
in height was no greater than the ex- 
tremes of the two parent varieties. It 
seems probable that in 1928 a height 
factor, or gene, was lost from either a 
pollen or an egg cell, which united with 
a normal gamete. The seed thus pro- 
duced was planted in 1929 and pro- 
duced a heterozygous plant of normal 
height. Seed of the selfed head was 
planted in 1930 and its progeny con- 
sisted of normal plants and a few 
(one in 6.2) very dwarf plants. These 
very dwarf plants were homozygous 
for dwarfness, but the normal heterozy- 
gous plants segregated for normal 
height and dwarfness in the ratio of 
approximately three to one. It seems 
reasonable to attribute this mutant 
dwarf to the loss of a single height 
factor. 


Summary 


A dwarf mutation was noted in an 
F; progeny row of a cross between 
Red kafir and probably Reed kafir. 

The mutation is recessive and differs 
from the normal stature by one factor. 

The average height of the normal 
kafir in 1931 was 51.6 inches and that 
of the mutant dwarf 20.6 inches. 


The World of Plants 


PLANTS, WHAT THEY ARE, AND 
WHAT THEY DO, by A. C. Sewarp, Sc. 
D., D. Se., LL. D. Master of Downing Col- 
lege and Professor of Botany, Cambridge. 
Pp. 141. Twelve Chapters. Price, $1.50. 
Cambridge University Press, England. 1932. 


HIS little book by Prof. Seward of 
Cambridge is an excellent discus- 
sion of the physiology and evolution of 


plants for the non-scientific student, 
teacher, and layman. Indeed in many 
respects it presents a clearer picture of 
the physiology of plants than is avail- 
able to botanical students. For its up- 
to-date viewpoint, clear statements, and 
simple language it can be _ heartily 
recommended. 
Geo. M. Darrow. 
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GENETIC STUDIES OF MONOZYGOTIC 
TWINS 


I. A Diagnostic Formula* 
D. Cecit RIFe 


N account of the impracticability 
() of experimental human matings, 
the relatively small number of 
offspring, and the length of the life 
cycle, progress in our knowledge of 
human genetics, when compared to that 
in animal and plant genetics, has neces- 
sarily been slow. Fortunately, monozy- 
gotic or one-egg human twins occasion- 
ally occur, thus offering unparalleled 
material for the investigation of the 
roles played by heredity and environ- 
ment in the development of human 
traits. We are justified in assuming 
that variations occuring between mem- 
bers of a monozygotic twin pair must 
be due to non-hereditary factors, and 
that traits in which they show little or 
no variation, as compared with variations 
of greater magnitude in dizygotic twins 
or sibs, must be largely hereditary. 
How can we determine whether a 
given pair of twins is monozygotic or 
dizygotic? Are we justified in assum- 
ing that twins classed as identical by 
relatives and acquaintances, are, in at 
least the majority of cases, monozy- 
gotic? There exists no known way for 
determining absolutely whether or not 
like-sexed, similar twins are, in any 
particular case, monozygotic. Foetal 
membranes give good indications as to 
whether or not a given set is monozy- 
gotic, but such evidence, taken alone, 
is inconclusive. Dahlberg, Siemans, 
Kaomi, Newman and others have used 
certain striking, but intangible similari- 
ties between the members of a pair as 
criteria for monozygosity. Muller com- 
pares the twins and sibs for certain 
classifiable traits, and from such data 
computes the probability of the twins 


being so similar, if dizygotic. Any or 
all of these methods are of value, but 
none will absolutely prove monozy- 
gosity. 

In our own investigations, we have 
studied twenty pairs of twins, classed 
by relatives and acquaintances as identi- 
cal. A diagnostic formula, consisting 
of four qualitative and four quantita- 
tive tests, was devised to use in pre- 
dicting the chances of the members of 
a given pair being so similar in respect 
to these eight traits, if they were dizy- 
gotic, rather than monozygotic. The 
qualitative tests are for the four follow- 
ing traits, whose manner of inheri- 
tance is known: the blood groups, 
M-N agglutinogen reaction, presence or 
absence of hair between first and sec- 
ond joints of fingers, and ability or in- 
ability to taste phenyl-thio-carbamide. 
There are four blood groups, A, B, 
AB, and O. They behave as triple 
allelomorphs, both A and B being domi- 
nant to O, but both A and B manifesting 
themselves when present in the same 
individual.’ In respect to the M-N re- 
action, an individual may have either 
agglutinogen M or N, or both. They 
are allelomorphs, but, like A and B of 
the blood groups, both manifest them- 
selves when present in the same indi- 
vidual."° The presence of hair on the 
dorsum of the middigital region is 
dominant to its absence, apparently due 
to a simple pair of unit factors.? The 
same is true of the ability to taste 
phenyl-thio-carbamide, the ability to 
taste being dominant to the inability 
to taste. The twins, wherever possible, 
were compared with parents and sibs 
in respect to each of these traits, thus 


* Prepared in the genetics laboratory of the Ohio State University, under the direc- 


tion of Dr. L. H. Snyder. 
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CLOSEST RESEMBLANCE 
Figure 3 
According to our diagnostic formula, there is only 1 chance in 480,000 that the above 
twins are not monozygotic. This determination is based on a comparison of the differences be- 
tween the twins in four quantitative and in four qualitative characters. In the series of twins 
examined in this study it appeared that iris color was a better criterion for diagnosing identical 


twins than fingerprint patterns. 


enabling us to make exact predictions 
as to the maximum probabilities of the 
twins being so similar, if dizygotic. 
Tables I, II, III and IV are for refer- 
ence in making such predictions. 

The quantitative tests are for intra- 
pair differences in respect to the fol- 
lowing traits; iris pigmentation, intelli- 
gence quotient, ridge count of finger 
patterns, and differences in stature. In- 
tra-pair differences were obtained for 
fifty sib pairs in respect to iris pig- 
mentation, for one hundred sib pairs in 
respect to differences in ridge count val- 
ues, and for fifty sister-sister and fifty 
brother-brother pairs in respect to sta- 


ture. Merriman® has obtained intra- 
pair differences in I Q (as tested by 
the Binet method) for 228 sib pairs, 
and we have used these in our com- 
putations. Tables V, VI, VII and VIII 
show the intra-pair distribution of dif- 
ferences in respect to each of these 
traits, as found in ordinary sib pairs. 
Iris pigmentation was studied by means 
of the Beebe Binocular Loup, which 
gives a magnification of approximately 
two diameters. The Munsell color 
chart was used for determining both 
hue and chroma value. It was found 
that in the majority of individuals stu- 
died the iris is composed of two zones, 
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CONCLUSIVELY MONOZYGOTIC 
Figure 4 
The odds are 319,999 to 1 in favor of the above pair of twins being monozygotic, 
according to our tests. No system has been devised which will determine with absolute cer- 
tainty whether a given pair of twins is genetically identical. However, taking into consideration 
certain definite characters, it can be deduced what odds exist that the twins would be as alike as 


they are and yet not be identical. 


an inner and an outer, of different 
pigmentation. In the fifty pairs of 
sibs studied, no two pairs were found 
to have the same iris pigmentation in 
regard to both zones, although in ten 
pairs the outside zones were the same 
in the two members of the pair, and in 
four pairs the inside zones were the 
same. (We shall discuss iris pigmen- 
tation and finger patterns, as criteria of 
identity, more fully in a future article.) 

No significant differences were found 
in the distributions of sister-sister and 
brother-brother stature differences, so 
we have combined them, thus giving us 
stature differences of 100 like-sexed sib 


pairs. We have arranged the ridge 
count differences, the I Q differences, 
and the stature differences into deciles, 
for convenience in computation. Ridge 
count values have been determined by 
Bonnevie’s' method of classification. 
The twin intra-pair differences in re- 
spect to each of these traits, were com- 
pared with normal distributions of dif- 
ferences as obtained from ordinary sib 
pairs, and the chances of their being 
so similar, if dizygotic, were then 
computed. 

The qualitative traits have the ad- 
vantage of enabling us to make exact 
maximum predictions of the twins’ be- 
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ing so similar in these traits, if dizy- 
gotic. Such predictions are free from 
errors of sampling and measurement. 
Their greatest disadvantage lies in the 
fact that they are of no value when no 
relatives of the twins are available for 
comparison. Although the quantitative 
traits are subject to errors of sampling 
and measurement, they can be em- 
ployed, even if no relatives of the 
twins are available for comparison. As 
both qualitative and quantitative mea- 
sures are combined in: our formula, 
they give us a very convenient measure 
as to the maximum chances that the 
members of a twin pair could be that 
much or more similar, and yet be 
dizygotic. These chances, subtracted 
from the total chances, give us an esti- 
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mate of the probabilities of the twins 
being monozygotic. 

The following hypothetical case il- 
lustrates how we have stated and used 
our formula in twin diagnosis :* 

The first letter represents the blood 
group, the second the type of aggluti- 
nogen reaction, P signifies a taster and 
p a non-taster ; iris pi 
tion, H—hair on middigital region and 
h its absence, F—ridge count value, 
7Q—intelligence quotient, and the last 
figure signifies the height in inches. 
The chances of dizygotic twins being 
so similar in all of the traits is the 
total product of all the chances found 
in the separate traits. In the above 
case the chances are 27 in 1,920,000 
that the twins could be that much or 


*Hypothetical Example of Formula in Use 


(TwinA) A:M:P:h:E-O:F-33:1Q-101 :61” 


(Twin B) A:M:P:h:E-O:F-28 :IQ-102 


(Sib) O:M:p:h 
(Father) A:M,:P :h 
(Mother)A:M :p:h 


16 60 10 10 5 1,920,000 


TABLE I.—Blood Groups 
Probabilities of twins 
being alike, if 


Parents Sibs Twins dizygotic 
9 chances 
AxA O A Wx in 16 
AxA A O 1:16 
OxA O A Ux 1:4 
AxA O Y4x\ 1:16 
OxA A O 1:4 
Ax? O A 1:4# 
Ax? A O Ux 1:4# 
Ax? B A 
Ax? A B 1:44 
Ox? B A Yx\y 1:4 
Ox? A Oo 1:4 
Ox ? Oo A Yx\ 1:4 


Substituting B for A, and A for B, when groups 
B and O are involved, "similar results occur. 
Probabilities of twins 
being alike, if . 


Parent Sibs Twins dizygotic 
ABxO BorA Y%xh% 1:4 
ABxA B Y4x\y 1:16 
ABxA A 1:4 
ABxAB A 1:16 
ABxAB AB 4x 1:4 
B O Y4x\y 1:16 
O AB 1:16 
A AB Ix 1:4# 
AB A # 


# Denotes maximum, rather than absolute prob- 
abilities. 


TABLE I1.—M-N Agglutinogen Reaction 
robabilities of twins 
being alike, if 


Parent Sibs Twins dizygotic 
M xMN M Yxyy 1:4 
M xMN MN 1:4 
MNxN N 1:4 
MNxN MN %x¥% 1:4 
MNxMN M 4x 1:16 
MNxMN N 1:16 
MNx ? MN %x% 1:4 
MNxMN MN %x% 1:4 
MNx ? M 
MNx ? N 1:4# 
MNx ? N MN %x% 1:4 
MNx ? MN N xy 1:4 
N M 1:16 
M MN %x% 
MN N 1:4# 


TABLE IIl.—Taste for Phenyl-thio-carbamide 
Probabilities of twins 
being alike, if 


Parents Sibs Twins dizygotic 
PxP Pp : 
Pxp p 1:4 
P p 1:4# 
p P 
px ? p P Yxy 1:4 
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more alike and still be dizygotic, so 
that the chances that they are monozy- 
gotic are 1,919,973 out of 1,920,000. 
The question may be raised as to 
whether or not we are justified in con- 
sidering all eight traits to be independ- 
ent of one another. Recent investiga- 
tions have shown that the blood groups 
and the factors producing the M-N re- 
action are not linked, and, as there are 
24 pairs of chromosomes in man, the 
probabilities of any other two of the 
qualitative traits being closely linked 
seems remote, so we may be reason- 
ably justified in treating them as being 
uncorrelated. We have determined co- 
efficients of correlation between IQ and 


stature, IQ and ridge count values, and 
stature and ridge count values, and in 
no case was a significant correlation 
found. No correlation or inter-depen- 
dence has ever been demonstrated be- 
tween eye color and the other quantita- 
tive traits, or between any of the quali- 
tative and any of the quantitative traits. 
Our formula seems valid then, especial- 
ly when we consider that in cases ot 
doubt as to our predictions, we have 
always used the maximum, rather than 
the minimum probability of dizygotic 
twins being so much alike. Further- 
more, our formula tells us nothing 
about the chances of their being 
as similar as they are in respect to 


TABLE IV.—Hair on Middle Segment of Fingers 
Probabilities of twins 
being alike, if 
Parents Sibs Twins dizygotic 


HXH h 

HXxh h 1:4 
H h 1:4# 
h H 

Hx? h H 1:4 


TABLE V.—Pigmentation of Iris 
Approx. probabilities 
dizygotic twins so 
No. Sib pairs Diff. similar 
0 


None 1 chance in 60 
4 Inner zones 22 
10 Outer zones ) 
36 Both zones 18 :25 


In our diagnostic formula, we always assign 
twin A a value of 0 for E or iris pigmentations, 
and twin B the same value if both are alike, a 
value of 1 if outer zones of A and B are alike 
and inner zones different, a value of 2 if inner 
zones are alike and outer different, and a 
value of 3 if the color is different in both zones. 


TABLE VI.—Distribution of Sib Pair Differences in 
R Values 


idge Count 
A Diff. in No. pairs Total No., 
Decile value sibs to next decile 
2 
1 6 8+1.92 
2 
3 29305 
5 3 29+3.0 
III 1 
7 3 
{8 8 
19 40+3.29 
. 10-13 11 51+3.37 
14-15 11 62+3.23 
7 69+3.1 
19-22 10 792.74 
23-30 11 90+2.02 


X. - 10 1000.00 


TABLE Sib Pair Differences 


Diff. in No. pairs Total No., 
Decile value sibs tonext decile 
0 6 
1 12 
2 8 263.23 
_ 3 11 
13 50+4.2 
9 
§7 10 
18 13 9444.99 
6 
110 13 113+5.12 
11-14 23 1365.05 
15-17 29 1654.58 
18-20 15 1804.05 
RT 21-25 19 199+5.09 
29 =226+0.00 


TABLE VIII.—Distribution of Sib Pair Differences 


in Stature 
. Diff. in No. pairs Total No., 
Decile value sibs to next decile 
I O— .24 
.25— .49 5 9+1.92 
50— .74 9 18+2.58 
75— .99 5 23+3.14 
1.25—1.49 11 43+3.39 
1.50—1.74 10 5343.37 
1.75—1.99 5 
2.00—2.24 4 6223.27 
2.25—2.49 4 663.19 
2.50—2.74 10 7643.28 
{ 2.75—2.99 7 
300-349 4 
(350-400 3 90+202 
, 4.00 & above 10 100+0.00 
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many striking, but intangible traits, 
such as facial resemblance, intonation 
of voice, mannerisms, etc. Whatever 
errors may exist, tend to make -our 
estimates more conservative 

Fifteen of the twenty pairs classed 
as identical by relatives and acquaint- 
ances were tested in respect to each 
of the traits included in the diagnostic 
formula. The other five pairs were 
tested for all the traits, with the ex- 
ception of eye color. For the fifteen 
pairs completely tested, the maximum 
probabilities of the members of the 
twin pairs being so much alike in the 
specific traits measured, if they were 
not monozygotic, range from _ one 
chance in two thousand five hundred 
for one pair, to one chance in four 
hundred and eighty thousand in the 
most similar pair. Four pairs of like- 
sexed twins, assumed to be fraternal 
by relatives and acquaintances, were 
definitely proven to be so by subse- 
quent tests. In most instances, then, 
twins classed by relatives and acquain- 
tances as very much alike or identical, 
are monozygotic; while twins usually 
classed as unlike or fraternal, are, in 
the majority of cases, dizygotic. Of 
course doubtful cases sometimes occur, 
and in such cases a diagnostic formula 
is of value, although even the use of 
the formula cannot absolutely prove 
monozygosity or dizygosity. With the 
exception of one pair of twins, there 
was no disagreement between the mem- 
bers of any pair in our twenty cases in 
respect to the qualitative diagnostic 
traits; and in this one pair the only 
discrepency was in regard to taste de- 
ficiency, which was part of a general 
taste deficiency observed in the non- 
tasting twin and probably the result of 
a severe case of poliomyelitis. This 
twin could not even taste quinine, which 
is tasted as bitter by everyone, as far 
as we have observed. Ordinary sibs 
and dizygotic twins, on the other hand, 
almost invariably show some variation 
in regard to some of the traits we have 
just mentioned. Table IX shows a 
comparison of monozygotic twins, sibs 
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and dizygotic twins for the qualitative 
traits we have been discussing. 

The mean intrapair difference ob- 
tained in ridge count values for the 
identical twins is 4.0 + 0.88, while 
that for the 100 sib pairs is 14.92 + 
1.11. The mean difference in I Q for 
the identical twins was found to be 
5.0 + 0.59, while for the 228 sib 
pairs used in our predictions was 12.5 
+ 0.38. The mean intra-pair differ- 
ences obtained in stature for the identi- 
cal twins was 0.41” + 0.084, and for 
the 100 sib pairs was approximately 
two inches. In respect to height, I Q, 
finger pattern ridge count values and 
eye color the identical twins are sig- 
nificantly more similar than ordinary 
sibs or like-sexed fraternal twins. Eye 
color shows the least variation of any 
of the traits studied, while the~ fact 
that dizygotic twins show as great dif- 


TABLE IX 
Twins compared Twins ve sibs 
3 a 1 2 3 4 
Case I x x x x x x x 
°° is x x x x |x x 
© III |x x x x x x x x 
x x x x x x 
° Vie |x x x |x 
* vII |x x x x x x 
“VIII |x x x x 
" 1x x x x x x x x . 
"x x x x x x |x x x 
° xI x x x x 
“ XII |x x x x x x x 7 
“XIII |x x x x x x x |x 
* xIv [x x x x x |x x x 
© xv ix x x x x x |x 
* XVI |x x x x 
"XVII |x A x x 
*XVIII| x x x x x x x |x 
° KIX [|x x x x 
is x x 
Total 20}0 j20/0 [8 19 13/7 [4/5 
x x |x x 
x|x x x 
Total 


A—alike; U—unlike. 

1—blood group; 2—M-N agglutinogen reaction. 

3—taste for phenyl-thio-carbamide. 

4~hair on fingers. 

*—denotes a general taste deficiency in the twin 
who could not taste phenyl-thio-carbamide. 
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ferences in this respect as do ordinary 
sibs, indicates that iris pigmentation is 
rigidly determined by heredity. Iris 
pigmentation is a more reliable criter- 


ion of monozygosity than finger pat- 
terns, or other traits and physical mea- 
surements which have been employed 
in diagnosis. 
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Thomsen’s Disease 


An Inherited Temporary Paralysis in Man Resembling in Its Symptoms the Reactions of the 
“Nervous Goats” Recently Described in This Journal 


N 1930 Lush reported in this Jour- 

nal an inherited loss of muscular 
control in goats. Ordinarily the ani- 
mals were altogether normal in be- 
havior, but when they were startled, 
they became temporarily paralyzed, 
and in extreme cases, fell to the 
ground. Lush described the behavior 
of these goats in the following terms: 


If these goats are suddenly surprised or 
frightened they become perfectly rigid. While 
in this condition they can be pushed or turned 
over as if they were carved out of a single 
piece of wood. This spell or “fit” usually 
lasts only a short time—about ten to twenty 
seconds. They recover the use of their mus- 
cles in the front end of the body first. 
Often one will see these goats, on recover- 
ing from fright, regain control of their fore- 
legs enough to start running away, but the 
two hind legs will drag or move very stiffly 
as if the goat were still quite stiff from the 
loin back although fully in control of the 
muscles of its front legs, head, and neck. . . 
The worst frightened of the goats usually 
fall over to the ground (through starting to 
run and being caught off their balance when 
the “fit” strikes them) but some become 
rigid in a standing position and remain ut- 
terly motionless for many seconds. If pushed 


over while in this condition they fall down 
as rigidly and clumsily as if they were sta- 
tues carved out of wood, but recover in a 
few seconds and start to walk off, dragging 
their hind legs slightly at first, but very 
quickly recovering complete control of their 
entire bodies. 


Jelliffe and Ziegler report in the 
Journal of the American Medical As- 
sociation for February 26 (vol. 100, 
no. 8), a new pedigree of Thomsen’s 
Disease and a summary of American 
literature on the subject. The mani- 
festations of this rare disease are an 
amazing parallel of the symptoms 
shown by Lush’s “nervous goats”: 


N. B. was 28 years of age when I first 
learned that he had such a difficulty. He was 
of Dutch ancestry. His parents had moved 
to England, where he was born. He came 
to the United States as an infant. His par- 
ents, so far as he knew, were not closely re- 
lated. Only his mother was alive when I 
first met him; his father had died at the 
age of 68 of an apoplectic stroke. The 
father’s mother’s family name was Ariens; 
the mother’s, Meurs, and her mother he 
thinks was a “de Boer.” The mother died 
at the age of 67 of a heart disorder. She 
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also had myotonia [Thompsen’s disease]. The 
family tree will be discussed later. 

The patient states that he has had his 
difficulty ever since he can remember. It 
was a special source of chagrin to him as a 
boy of 6, 7 or 8 years when the kids .were 
having a bonfire and suddenly a policeman 
appeared and the familiar cry of “Cheese it, 
the cop!” was called. He was always the 
goat. He would start to run, his muscles 
would stiffen up, and he would fall on his 
nose and get caught. In playing baseball, 
unless he danced around the plate and swung 
his bat freely, he could not start to run. It 
has been that way ever since. 

If there are two steps on a trolley car it 
is all right; but if he must go up more than 
two steps he is in trouble. The legs stiffen: 
there is no spasm, they are just stiff. He 
cannot lift either foot high enough to make 
the next step, and, if he does not wait and 
make the third slowly, and then the fourth 
and then with increasing facility the others, 
he will stumble and fall. When he gets 
started he is as limber as any one. 

There are no voluntary muscles of the 
body that seem to have escaped. The fa- 
miliar closing of the fist experiment is classic; 
walking is the same. In closing his eyelids 
he has the same difficulty. It is a strange 
symptom at times that when talking and he 
yawns, his tongue stiffens and he is unable 
to talk for a moment. He dare not dive into 
the water for a swim but can go in gradu- 
ally from a dock, limber up and be all right. 

One experience stands out with vividness 
because of its annoying consequences. In 
1928, while riding in the Hudson Tunnel to 
New Jersey, he became engrossed in his 
newspaper. The Journal Square station was 
reached and he suddenly realized that he had 
to change cars there. He arose quickly and 
succeeded in getting to the opening of the 
subway train, when his legs got stiff; he 
barely managed to get out and fell back 
against the side of the car, now in motion. 
He had presence of mind enough to shove 
himself away from the moving train and 
fell flat on the platform. 


The most widespread example of 
“parallel mutation” in different species 
is probably albinism, which has been ob- 
served as a recessive mendelizing char- 
acter in many species of animals and 
plants. Another example of such a 
tendency is the “lobster-claw” variation 
recently discussed in these pages. It is 
doubtful whether either of these varia- 
tions in form is any more astonishing 


in its similarities than are these devia- 
tions from normal nerve reactions in 
goats and men. 

The condition is apparently due to 
a hypercontraction of the voluntary 
muscles under the influence of a 
strong emotional stimulus. It ap- 
pears that the difficulty is with the 
nerves themselves rather than with 
the muscles. Those who have Thom- 
sen’s disease often show remarkable 
muscular development. In other 
cases the characteristic excessive de- 
velopment of the muscles is followed 
by atrophy. 

The hereditary nature of the con- 
dition can hardly be questioned. The 
pedigree reported in this article leads 
to Holland, and the resemblance in 
name suggests that it may be possi- 
ble to connect this family with one 
reported 35 years ago by Solomanson. 
In this case an affected mother passed 
the condition on to three of her ten 
children. In some families a domi- 
nant inheritance is suggested. In 
others, in which sporadic cases of 
Thomsen’s disease appear, with a 
negative family history, recessive in- 
heritance may be suspected. Matings 
between two such sporadic cases, 
which would throw light on the gene- 
tic nature of the disease appear not 
to have been reported. The fact that 
muscular hypertrophy is encountered 
in some cases and in others there is 
a progressive atrophy of the muscles 
suggests that several genes may exist 
which produce conditions more or 
less similar. Other types of muscular 
spasm are discussed. Some of these 
transitory paralyses are limited to 
certain parts of the body. In some 
instances these localized paralyses al- 
so appear to be inherited. Evidently 
a number of factors, physiological, 
psychological, and genetic are in- 
volved. It is possible that the “nerv- 
ous goats” might provide material 
which would add to our understanding 


of this strange disease. 
x. G 
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THE RESTRICTED EXTENSION COLOR 
FACTOR IN ZEBU CATTLE 


A. O: Ruoap 
Escola Superior de Agricultura e Veterinaria 
Minas Gerais, Brazil 


S has been pointed out by Lloyd 
A and others the restricted exten- 
sion of coat color is quite 
common in various European breeds of 
cattle. In fact this peculiar pigment 
distribution, as manifested by the “black 
points” and associated with a solid white 
body color, is the predominant coat pat- 
tern of the Chillingham or Park Cattle 
of Great Britain. In the writer’s rambles 
through the cattle country or “sertao” 
of Minas Gerais Brazil, where prac- 
tically all the various breeds and their 
inter-se crosses of Zebu cattle are bred, 
he has encountered several Zebu of the 
Gir breed showing the restricted exten- 
sion factor manifested in much the 
same way as in European cattle. 


Figure 5 represents the pattern as it 
is most commonly seen about the head 
of the Zebu. The ears are black on 
the outside as on the inside surfaces, 
the muzzle is black with the white and 
black margins sharply defined. As in 
the European breeds that show this 
type of pattern, the eye, eyelids and 
eyelashes are also black. 

Figure 6 also :epresents the modal 
pattern taken from another individual. 
Here the similarities and differences in 
the pattern as found in the European 
and Zebu cattle are clearly shown. 
With European cattle of similar color 
pattern the ground color is usually an 
unbroken white and the black pigment 
is restricted rather definitely to the ex- 
tremities, i. e., ears, eyes, muzzle, feet, 
shanks, and brush. In Zebu cattle 
however, a divergence from the above 
pattern is seen in the form of numer- 
ous irregular but clearly defined spots 
which cover the body, apparently with- 
out any definite regional distribution. 

Figure 6 also represents the modal 
type of spotting that accompanies this 
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BLACK MUZZLE, EARS AND EYES 
Figure 5 
Gir heifer showing distribution of pig- 
ment about the head. The ears are also 
black on the outer surface. 


PIGMENTED EXTREMITIES 
Figure 6 
Profile of Gir cow showing pigmented 
extremities and type of spotting associat- 
ed with the pattern. 
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type of pattern in the Gir breed. Simi- 
lar spotting in less a profuse form is 
not unknown in the European breeds 
carrying the restricting factor. The 
National Geographic Magazine for De- 


cember, 1925, carries a photograph of 
a group of Park Cattle in which two 
heifers of the group show spots similar 
in character to the spotting in this 
study. 


Genetics and Embryology 


EXPERIMENTAL ANALYSIS OF DE- 
VELOPMENT, by DuvurRKEN. 
Translated by H. G. & A. M. Newth. Pp. 
288. New York: W. W. Norton & Co. 1932. 


FTER a glance at the table of con- 
tents of this volume, which in- 
cludes such topics as “The Major 
Problems of Analytic Embryology,” 
“The Various Interrelations Con- 
cerned in Development,” “The Réac- 
tion-Basis from the Point of View of 
Genetics,” one may find the text itself 
a little disappointing. Though it pre- 
sents a competent outline of the chief 
problems and methods, and of some 
of the results, of experimental embry- 
ology, and attempts to evaluate the 
contribution of genetics to these prob- 
lems, the book resolves itself largely 
into an argument in favor of epi- 
genetic, as opposed to preformationist, 
theories of development Aside from 
the fact that it is of dubious value to 
attempt to interpret the findings of 
modern research in the framework of 
an archaic controversy, it is doubtful 
whether geneticists can be justly ac- 
cused of maintaining the preforma- 
tionist views which Diirken imputes 
to them, but which, in this country at 
least, they have more often denied 
than affirmed. It is certain that the 
notion of a point-to-point correspon- 
dence between gene and character, 
which he indicates as the teaching of 
genetics, has been expressly repu- 
diated for at least two decades. 
While Diirken admits the signifi- 
cance of the chromosomes in the 
“mendelizing” of “accessory” charac- 


ters, the genes themselves, he insists, 
are convenient fictions, and not con- 
crete realities. He denies, of course, 
that the genes in the aggregate con- 
stitute the total “reaction-basis” of the 
developing organism—again a view 
which he rather questionably attrib- 
utes to geneticists at large. 

In view of these, and similar, ideas, 
it is not surprising that most of the 
contributions of genetics which might 
be applied to the analysis of develop- 
ment are ignored, and that, in at- 
tempting to reconcile the implications 
of genetics and experimental embry- 
ology, first consideration must be 
given to the deducations from the lat- 
ter field: “Only in this way can the 
nature of development be understood. 
In so far as the views of genetics are 
antagonistic they must undergo modi- 
fication” ! 

In spite of these grounds for objec- 
tion, the geneticist who cares to pon- 
der on the relations of some phases 
of embryology and genetics—particu- 
larly if he is not too familiar with 
the fruits of embryological research— 
may find a certain amount of stimula- 
tion, as well as some irritation (in 
biology, the distinction between these 
words often breaks down) in this vol- 
ume, if he can overlook its somewhat 
objectionable tendency toward diffuse- 
ness and repetition The sections deal- 
ing with regeneration, the influence of 
the environment, and, possibly, sex- 
determination, are among the best. 

Paut R. Davin. 


Storrs Agricultural 
Experiment Station. 
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INHERITED ANOMALIES OF METABOLISM 


I. Diabetes Mellitus 


Mapce T. MAcKtIn 
University of Western Ontario 


Epitor’s Note: This review of the published literature and discussion of the 
genetic aspects of metabolic diseases is but a chapter of a very much longer 
manuscript prepared by Dr. Macklin, which covers admirably the part that 
heredity plays in the causation of human disease. It is hoped that from time 
to time we will be privileged to publish other chapters of this most interesting 
and illuminating summary of a subject which, as Dr. Macklin shows, has even in 
the present state of our knowledge the utmost practical importance in preventative 


medicine if not yet in preventative marriage. 


is not always inherited. There 
’ are cases which arise through 
agencies which operate after birth 
and cannot be regarded as hereditary, 
such as an inadequacy of islet tissue 
caused by sclerosis of the pancreas, 
following an infection. These do not 
come under the category of heredi- 
tary diabetes, but it is certain that 
there are many instances of diabetes 
mellitus which can be attributed 
only to some inherited defect which 
is made manifest in the patient as a 
hyperglycemia and glycosuria. 

It is almost impossible for prac- 
ticing physicians to acquire the rec- 
ords necessary for an accurate study 
of this disease, but it should be at- 
tempted in those hospitals which main- 
tain large diabetic clinics. The per- 
sonal and family history should of 
course be thoroughly gone into, the 
age of death noted, the age of onset 
of the disease in other affected mem- 
bers recorded. The patient’s age, 
weight, height, blood sugar, insulin 
dosage, and any characters that are 
hereditary noted. Thus we may find 
that skin coloring may be associated 
with diabetes as stated by some work- 
ers; not always with a blond or bru- 
nette coloring, but for any one fam- 
ily the association between coloring 
and diabetes may be constant. 

The apparently unaffected members 
of the family should be studied for 
the same traits, and their blood sugar, 
and especially their sugar curve de- 


* some other diseases, diabetes 


termined. The mild diabetic may thus 
be encountered early enough to stop 
the disease. 

Cammidge® has found that hyper- 
glycemia is a pure Mendelian reces- 
sive character in mice. He also found 
that in mice hypoglycemia is_reces- 
sive to normal blood sugar as well as 
being recessive to hyperglycemia. 
Thus there appear to be three allelo- 
morphs with normality dominant over 
the other two conditions, but with 
hyperglycemia dominant over the con- 
dition of low blood sugar. On the 
whole there seems to be a tendency 
for the low blood sugar to be found 
in mice with black hair, and for high 
blood sugar to be found in albinos, 
but as yet no definite linkage between 
blood sugar and hair color has been 
established.” 

The mode of inheritance in human 
families is not so easily determined, 
for in some it appears as if due to a 
dominant factor, in others as if de- 
pendent upon a recessive factor, and 
in still others it seems that there are 
several factors involved. Meulen- 
gracht considers it to be a pure dom- 
inant. Hansen! thinks that it is due 
to several factors of the recessive 
variety. The presence of a few of 
these would make for orthoglycemic 
glycosuria; the presence of all would 
cause diabetes. The studies of Hjarme,'* 
however, on a series.of families show- 
ing orthoglycemic glycosuria would 
indicate that the underlying factor 
for this condition at least, is a domi- 


349 


| 
| 
| 
| 
| 
| 


350 The Journal 


nant one. The relation of diabetes 
mellitus to this condition, however, 
is a matter of doubt, although dia- 
betes was present as an outspoken 
disease in some of the members .of 
these families. In eleven families re- 
ported by Holst'* there was a frequent 
association of diabetes mellitus with 
benign glycosuria, the latter being 
either of the renal or alimentary 
type. Holst does not believe that 
benign glycosuria becomes diabetes 
mellitus on becoming more severe, 
but suggests that there are several 
factors involved and that inheritance 
of some causes glycosuria. Inheri- 
tance of the specific factor for dia- 
betes must occur before that disease 
becomes evident. For example, if A be 
the factor for glycosuria, and B the 
factor for diabetes, inheritance of A 
alone gives glycosuria, and of B alone, 
apparently nothing, but inheritance of 
A and B together, causes diabetes mel- 
litus. 

Several other factors complicate 
the study of the inheritance of this 
disease. First, a person may have 
inherited the defect in such manner 
that he was capable of showing it, 
but died before it developed, and thus 
would be listed as free. Second, en- 
vironment may have some part in 
bringing to the surface the latent dis- 
ease. The person who has lived on 
a restricted diet might be less apt to 
exhibit his tendency toward diabetes 
than would one whose diet included 
a large amount of carbohydrate. 
Third, some persons have the disease 
in such mild form that they are un- 
aware of it, hence are listed as free. 

“Anticipation” 

One of the features of hereditary 
diabetes is its tendency to become 
manifest at increasingly early ages in 
each succeeding generation. For ex- 
ample, in the family reported by 
Kern,'® there were four brothers and 
sisters who died of diabetes; one died 
in coma at 32, and two at 40. Of the 
four children of one of these diabetic 
sisters, three had died in coma at the 
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ages of 17, 19, and 23. This tendency 
to anticipation in hereditary disease 
has been denied by some workers. 
Only the accumulation of a great deal 
of accurate data will answer the ques- 
tion of whether or not there is an- 
ticipation. 

Another factor observed in heredi- 
tary cases, in which the transmission 
is of the recessive type, is the marked 
virulence of the disease at extremely 
early ages. Thus, in one of the fam- 
ilies reported by Foster,’ of the three 
children who died of diabetes, one 
succumbed at 6, one at 12, and one at 
18. Other families illustrating this, 
mentioned by Foster, are those in 
which two boys, one 7 and one 4, ex- 
hibited the disease; and a second in 
which two boys exhibited it at the 
ages of 12 years and 22 months re- 
spectively. 

The disease which is marked by the 
dominant type of transmission is 
thought to show a milder course, so 
that this type is not eliminated 
through early death of the patient 
before the age of reproduction. Al- 
though the recessive type of inheri- 
tance seems to produce a more viru- 
lent disease, the very fact that it is 
recessive and is passed on by normal 
persons allows it to be handed down 
in collateral lines through generation 
after generation. 

So numerous are the records in 
which diabetes has affected more than 
one member of a family, or more 
than one generation, that it is indis- 
putable that a great number of cases 
are inherited. Joslin'* found a history 
of diabetes in the family in 28 per 
cent of a series of over 2,500 cases. 
The number of inherited cases is un- 
doubtedly much higher, for those in 
which the type of transmission is re- 
cessive might give no hereditary his- 
tory. Moreover, many relatives of 
persons with diabetes have it in the 
latent or incipient form, and are un- 
aware of its existence. Such diabetic 
cases, unaware of the disease in their 
relatives, would give a negative fam- 
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DOMINANT AND RECESSIVE 
INHERITANCE 
Figure 7 
The family recorded by Nettleship (right) 
shows four generations of typically dominant 
inheritance. This is in contrast to the family 
reported by Cammidge (left), in which, though 
diabetes is present for four. generations, it is 
not manifested by the individuals transmitting it. 


ily history, and would be listed as 
non-hereditary cases. Thus Sherrill** 
in investigating the blood sugar of 40 
supposedly normal relatives of 23 of 
his diabetic patients discovered dia- 
betes in 21 of the number. 


Dominant Inheritance 


Let us first consider those families 
in which the line of descent was 
either wholly direct or direct for the 
most part, indicating a type of inheri- 
tance more in keeping with the domi- 
nant mode of transmission. Hansen™ 
reports a family in which there were 
six cases through two generations 
comprising twelve persons. Two of 
the unaffected ones had died in in- 
fancy, so that of those surviving to 
adult life there were 60 per cent af- 
fected. In another family he found 
ten diabetics among twenty-three per- 
sons through three generations; and 
in a third family there were fifteen 
persons through three generations, 
six of whom had died in infancy with- 
out giving any evidence of the dis- 
ease. Of the nine reaching maturity, 
eight had developed diabetes. Thus 
over 88 per cent of this family were 
affected. 


A pedigree of Nettleship*® records 
the disease through four generations, 
affecting a woman, her son and 
daughter, the latter’s two daughters 
and one of her sons, and two great- 
granddaughters, offspring of one of 
the affected women in the third gen- 
eration, and a third great-grand- 
daughter, child of the second affected 
woman in the third generation. (Fig. 7.) 

One of the most interesting records 
of the many I have encountered ex- 
emplifying the heredity of this disease 
is by Kennedy’, for in this family, 
six of the affected persons had had a 
leg amputated for gangrene. Consid- 
ering the number of familial records 
given, and the duration of the disease 
in many of the patients, it is striking 
that none of them give such a his- 
tory. Certainly in this family there 
was in addition to the diabetes a ten- 
dency to gangrene that is unusual. 


His record concerns the children of a 
brother, Mr. A, and two sisters, Mrs. B and 
Mrs. C. Mr. A died at the age of 81 and 
his wife at the age of 75. Neither had 
diabetes. All trace of three of their five 
children has been lost. The fourth was a 
son who developed diabetes at the age of 45. 
At 51, his leg was amputated for gangrene, 
and four years later he died of the disease. 
Mrs. B had eleven children, two of whom 
died of diabetes several years after its onset, 
following an operation for carbuncles. The 
third child, also a son, died following an 
amputation of the leg for gangrene, at the 
age of 70. It was not discovered that he was 
a diabetic until after the operation. Two of 
the rest of this family died at the ages of 78 
and 63, both normal. Three died in early 
childhood. The remaining four children of 
this family are alive and well at the ad- 
vanced ages of 82, 79, 76, and 69. It will 
be noted that in addition to the factor for 
diabetes, this family shows a marked inheri- 
tance of longevity. 

Mrs. C is the only one of the first genera- 
tion who appeared to have had diabetes, 
although she was not so diagnosed during 
life. She died at the age of 71. She had 
twelve children, of whom five developed 
diabetes. She herself had ulcers of the legs 
for several years before death, and had sore 
toes for months before she died. She lost 
a great deal of weight, and died in coma 
after four days’ illness. Kennedy lists her 
as free, although feeling that the evidence is 
quite strong that she was a diabetic. Her 
second child, a daughter, died of diabetes at 


352 


The Journal of Heredity 


A DOUBLE “CARRIER” MARRIAGE 
Figure 8 
Note that an unaffected man who marries twice, each time with a 


normal woman, has diabetic children by both marriages. 
indicates that the sex of that child was not stated. 


The triangle 
After Allen. 


the age of 63. This woman had three chil- 
dren; her two sons became diabetics, the first 
developing it at 40 and dying ten years later, 
the second developing it at 38. He is still 
living at 46. Mrs. C’s eighth child, also a 
daughter, first noticed the disease at the age 
of 53. At 60 she had a leg amputated for 
gangrene, and is now receiving 12 units of 
insulin daily. She had one normal daughter. 
Mrs. C’s ninth child, also a daughter, devel- 
oped diabetes at 42. At 63 she also had a 
leg amputated for gangrene, and she too is 
receiving insulin daily. Still another daugh- 
ter of Mrs. C developed diabetes at the age 
of 46, and had her leg amputated for gan- 
grene at 62. The fifth sister in this family 
is now 71. She had had a mild type of 
diabetes for years, but an infection developed 
in her leg recently, and when the doctor was 
called in on the case, she was in coma. She 
had vomiting, diarrhoea, complete anuria, 
acidosis, a blood pressure too low to measure, 
a subnormal temperature, and exhibited a 
marked dessication of all the tissues. Insulin 
with carbohydrate was administered, and 
she began to improve. She is now about 
again. 

Of the remaining seven of Mrs. C’s chil- 
dren, one died in infancy, two other sisters 
died of cancer at 66 and 59, a brother died 
of cirrhosis of the liver at 53, and three are 
living and well at the ages of 81, 69 and 64. 
Thus in this remarkable record we encounter 
six instances of amputation in three sisters 
and three of their first cousins. 


May,’® who writes upon the subject 
from the standpoint of its significance 
in the writing of life insurance poli- 
cies, feels that a family history of 
diabetes is a very important item in 
the determination of premium to be 
charged. 

He cites two families, in both of which 
the parents were normal, but in which there 
were several children affected. In the first, 


there were three brothers, two of whom were 
twins. Whether they were identical twins, 


I do not know, but the fact that they were 


of the same sex, both diabetic, and died 
at the same age is in favor of the view that 
they were identical. The eldest brother of 
this family died at the age of 10, the twins 
died at 30 and 31 with diabetes. The two 
sisters were so far normal. In the second 
family, one brother died at 11, one at 26 
and one at 32. Seven sisters and one brother 
were normal 


Alleged Linkage with Hair Color 


Landis'* reports five children out of 
ten affected. The parents were nor- 
mal, but one of the grandparents had 
had diabetes. The brunettes in this 
family were diseased, the blonds es- 
caped, suggesting a linkage between 
those two characteristics. Barach? on 
the other hand thinks that the blonds 
are more prone to diabetes, finding 
that those constitutional features 
which are found to occur more in 
the diabetic than in the non-diabetic 
are short stature, obesity, and light 
hair. In the family reported by AIl- 
len,! it was the brunettes who resem- 
bled the father, in whose family was 
the trait for diabetes, that developed 
the disease. The blond children who 
resembled the mother were free. In 
this family there were two brothers, 
one affected and one normal. The 
normal brother married twice, having 
a diabetic child by the first wife, and 
five out of thirteen diabetic children 
by the second wife. (Fig. 8.) 


Recessive Inheritance 


Instances in which it skips several 
generations are not infrequent and 
suggest the recessive type of trans- 
mission. Pleasants** records a family 
in which the urine of the members of 
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RECESSIVE INHERITANCE 


Figure 9 


Family in which diabetes mellitus acted as if due to recessive or multiple fac- 
tors. It is possible that the apparently unaffected parents, who transmitted the 
defect had such mild cases that they showed no symptoms of the disease and thus 


the inheritance might have been dominant. 


A diagonal line indicates that the indi- 


vidual so marked died in infancy. Adapted from Pleasants. 


the last two generations was exam- 
ined in all but two cases, in order to 
determine accurately the incidence of 
the disease in this family. 


The man in the first generation married 
twice. By his first wife he had a diabetic 
son. By his second wife his children were 
normal, but one grandson, and four great- 
grandchildren developed diabetes, the four 
in the last generation showing symptoms at 
the ages of 20, 16, 16 and 10. (Fig. 9.) 

Hansen" records a family in which it 
skipped three generations in the direct line, 
but appeared in collateral branches of the 
family in two of these generations. Joslin” 
records the case of seven brothers and sis- 
ters and one of their nieces with the disease. 
In a second family reported by the same 
author, there were twelve brothers and sis- 
ters all with the disease. Eleven of them 
had died of it. Two of the sisters each had 
an affected child. Cammidge, who it will be 
recalled, finds that hyperglycemia is a pure 
recessive in mice, gives two pedigrees of 
families in which the recessive mode is 
exemplified. A woman whose parents were 
normal, but whose brother was a diabetic, 
married a man who was normal, but whose 
father was a diabetic. One of their four 
children developed diabetes. 


If Cammidge’s® interpretation is cor- 
rect, this pedigree fits in well with his 
theory. Both free parents of the first 
generation were DR, so that they had 
one son who was RR, and a daugh- 
ter, who although normal, proved 
herself to be DR. She married a man, 


who because his father was RR, hav- 
ing diabetes, was of necessity DR, 
since he was normal. When two 
mates, both DR, produce offspring, 
the proportion of dominant to reces- 
sive is 3:1, and that is the number 
found here, three normal children, 
and one affected with the disease, 
hence an RR. 

Other pedigrees reported by Cam- 
midge appear to bear out the idea of 
recessive transmission, although still 
others might be equally well interpreted 
as exemplifying the dominant mode. 

It is interesting that, in those fam- 
ilies in which there was no evidence 
of any type of heredity other than 
that the disease was appearing in 
brothers and sisters and with no his- 
tory of it even in collateral lines, the 
average age of onset in the 59 cases 
in which age was given was 11.2 
years. In those families in which the 
line of descent was either direct, or 
there was diabetes in other branches 
of the family, the average age in the 
63 cases in which the age was men- 
tioned was 30 years. This is a little 
low, for in many instances, the age 
for the children would be given as 4, 
7 or 10, but the age at which the 
parent developed it was not men- 
tioned. Now it is true that diabetes 


developing in eazly childhood tends 
to be of a much more severe type 
than that developing later in life, so 
that if the persons lived long enough 
to have a family, it is fairly safe, to 
assume that they reached adult life 
before the onset of the disease. Since 
their ages were not included and 
those of the young children were, it 
makes the average value for age of 
onset much lower than it actually was 
in this group. Apart from that, the 
figures as they stand show that the 
disease which shows the dominant 
mode of transmission does not appear 
so early, nor does it prove so fatal 
as that type which appears to show 
the recessive mode of transmission. 

A very interesting group of cases 
of diabetes in twins had been collected 
by Curtis® to which have been added 
several from the literature. The in- 
formation is listed in Table I. 

The twins referred to in the table 
as described by Bunce* are worth cit- 
ing separately, because of the asso- 
ciated inherited defects. These twins, 
identical males, both developed severe 
diabetes at the age of 27, within four 
months of each other. Besides this 
hereditary condition, there were other 
defects in these twins. One had a con- 
vergent strabismus with amblyopia in 
the left eye, the other a divergent 
strabismus with amblyopia in the 
right eye, suggesting to Bunce mirror 
imaging in twins. Both had horizon- 
tal nystagmus of both eyes, and both 
exhibited partial bilateral deafness of 
the conductive type. Both showed 
marked hyperphoria.. Such a record 
as that leaves little doubt as to the 
inheritance of some factor which is 
at the basis of diabetes. 

Two records in which the diabetes 
developed before birth are cited by 
Kennedy'®. He quotes Ambard as hav- 
ing found 1.2 per cent of sugar in the 
urine of a new born baby whose 
mother was suffering from an attack 
of diabetes. Also he mentions a case 


of Feldmann, who found in the urine 
of a dead foetus, sugar in higher con- 
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centration than it was found in the 
urine of the mother who had died of 
diabetes in the last month of preg- 
nancy. 
Glycosuria 

There are several records of fam- 
ilies in which there was or was not 
diabetes, but in which the prominent 
finding was the glycosuria of a be- 
nign type. As mentioned earlier, 
Holst!* does not think that benign gly- 
cosuria changes over into diabetes 
The latter he feels is due to the super- 
imposing of other inheritable factors 
upon the foundation of a glycosuria. 
He gives many pedigrees in which 
these two conditions are associated. 
One typical family history is here cited: 

A brother and sister had diabetes, the for- 
mer had a son with glycosuria, and two of 


the children of another sister also had gly- 
cosuria. 


Jarlov and Kraunsoe cited by Kennedy 
found either permanent or transient alimen- 
tary glycosuria in three of six brothers and 
sisters, in their mother, mother’s sister, and 
son of the mother’s brother. Hjarme™ charts 
a family tree in which glycosuria ran for 
seven generations, with diabetes appearing in 
the last two generations. Constam* reports 
renal glycosuria in three children of a family. 

Bowcock*® gives an extensive pedi- 
gree of a family in which there were 
several types of giycosuria and one 
case of diabetes present. He defines 
mild diabetes as a disease in which 
the fasting blood sugar is above nor- 
mal, and there may or may not be 
sugar in the urine at that time. Fol- 
lowing the administration of glucose, 
the blood sugar rises to abnormal 
levels, attaining its peak only after 
the lapse of an hour or more; simul- 
taneously there is sugar in the urine. 
The blood sugar slowly falls, and is 
still above normal after three hours. 
He found cases of renal glycosuria 
in which the fasting blood sugar is 
normal or low. Urine voided at the 
time of fasting, has sugar present. 
Following glucose by mouth, the 
blood sugar does not rise as high as 
in the normal patient, the peak is at- 
tained within forty minutes, and is 
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level again within two hours. The 
urine shows sugar throughout the 
test. In cyclic renal glycosuria, the 
fasting blood sugar is normal, and 
the urine free. Following adminis- 
tration of glucose, the blood sugar 
rises as in normal cases and the 
urine voided at the time of the test 
shows a sugar concentration equal to 
that in the blood. 


His pedigree extends over four genera- 
tions involving 48 persons, of whom there 
were eighteen who showed some abnormality 
in their response to sugar. Two sisters, /-1 
and /-2 both had a glycosuria of an undeter- 
mined type, but had no symptoms of diabetes. 
Of the offspring of /-2 nothing was known 
all the family to be described coming from 
I-1. Her first son and his descendants were 
as far as known normal. Her second son 
I]-2 was a mild case of diabetes. Her 
third and fifth sons were normal. The fourth 
son J/-4 had renal glycosuria; the sixth son, 
II-6 had cyclic renal glycosuria; the seventh 
child a daughter, //-7, had a glycosuria of 
undetermined type, as had the eighth child a 
son, J1-8, 

The children of the third generation were 
as follows: //-2 with diabetes had two nor- 
mal sons, one daughter with renal glycosuria 
and one with cyclic renal glycosuria. The 
children of the first daughter both had a 
glycosuria of undetermined type. One daugh- 
ter of //-4 had a glycosuria of undetermined 
type, one daughter of //-7 as well as her 
own two daughters, and the three children 
of /I-7’s second daughter all had an undeter- 
mined type of glycosuria. The six children 
of JI-8 were normal. 


The few cases listed above are only 
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could be found with little trouble in 
the literature. Thus I found records 
of 15 families with 2 affected; 9 with 
3; 5 with 4; 3 with 5; 1 with 7; and 
1 with 8 children with diabetes. In 
those instances in which 2 genera- 
tions were affected, I found 3 with 2 
affected; 9 with 3; 3 with 4; 6 with 
6; 2 with 7; and 1 with 8 and 1 with 
14 persons affected. In families in 
which three generations in- 
volved, there were 2 with 4 affected; 
3 with 5; 8 with 6; 2 with 8; and 1 
with 10. There were two families in 
which the disease had run through 
four generations; one had 9 affected 
members, the other had 15. 

The wealth of the material dealing 
with inherited diabetes should leave 
even the most sceptical convinced 
that here lies a field of preventive 
medicine worth tilling. The family 
of any diabetic patient should be in- 
vestigated, early cases detected, treat- 
ment instituted, and much suffering 
prevented. To the physician who 
feels that he so seldom meets with 
inherited diseases, as to make an ac- 
quaintance with the laws of heredity 
unprofitable, the perusal of the above 
cases should prove enlightening and 
stimulating. 

Perhaps in no other realm of disease, 
with the exception of cancer, is a 
knowledge of the heredity which un- 


a small number of the many that derlies the condition, so valuable. The 
TABLE 1.—Diabetes in Twins 

Difference in Family 
Author Sex Identical Age of onset age of onset History 
Kiickens” M | Father affected 
v Michaelis” M Yes None 
v Muller M Yes 
Twinem™ F Yes 3124 7 years 
Wilder F Yes 1111 EERE 
Wolfsohn F Not known 52 52 
Strouse™ MF No 1111 
Bunce* M Yes 27 27 
Curtis® F Yes 313 10 years Paternal uncle 
Curtis F Yes 19 67 
Curtis M Not known 10 12 
Curtis F Yes 17 29 12 years 
May” M Not known 30 31 1 year 
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latest reports from the Metropolitan 
Life Insurance Company state that for 
the first six months of 1933, the death 
rate from diabetes has registered a 
new high. Its mortality was 10.4 per 
cent higher for 1933 than any previous 
maximum recorded. This is in spite 
of the fact that in the last decade 
medical science has had the most po- 
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tent weapon for combating diabetes 
known to the profession. In this, as 
in other hereditary diseases. those who 
are saved from death by infections are 
salvaged to die later of their constitu- 
tional disorders. The triumphs of mod- 
ern medicine make a knowledge of and 
research into the effects of heredity in 
disease indispensible. 
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Turkeys, Men and Nuts 


UT GROWING,* now in its 
N second revised edition, is a bril- 

liantly written and highly read- 
able treatise on this subject as practiced 
in the northeastern United States. As in 
other works by this author,+ advantage 
is taken of a broad general knowledge 
of science and literature to bring innu- 
merable facts from other fields into the 
picture in order to illustrate particular 
points. This is done so cleverly that the 
average reader hardly realizes that a de- 
parture has been made from the original 


line of thought, although incidentally, he 
is being given much new information. 
Because of the manner of presentation, 
the reader gets the idea that he and 
the author are about the only persons 
in the world having this particular bit 
of information at their finger tips. Few 
persons can read Doctor Morris with- 
out materially enriching their fund of 
general knowledge. 

In the first part, the author discusses 
nut growing as a means of increasing 
the supply of human food upon the 


*Nut Growing, by Robert T. Morris, M. D. 


ters. Price $2.50. New York, Macmillan Co. 


New York City. He recently retired and is now living on his country estate, 
near Stamford, Conn. 

+Those who have not done so should read Microbes and Men: A Surgeon's Philosophy; 
and Doctors versus Folks. These books are unfortunately now out of print and available only in 
public libraries. 


Revised Edition, Pp. 236. 3 Parts, 12 Chap- 
1931. Dr. Morris was formerly a surgeon in 
“Merribrooke,” 
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dual basis of minimum cost and maxi- 
mum permanency. He believes that 
the theories of Huxley, Malthus, and 
Pearl regarding the inevitability of 
food scarcity and the need of birth 
control in order to forestall human 
hunger are antiquated bug-a-boos and 
that we are approaching a third era in 
agriculture with greater abundance and 
variety for everybody ad infiniium. He 
is personally not a strict vegetarian 
and would not give up his porterhouse 
steak, temptingly prepared, although 
he argues strongly for nuts in place of 
meats, and quotes such authorities as 
Dr. John Harvey Kellogg of Battle 
Creek and Dr. F. A. Cajori of Yale to 
support the contention. 

By frequent kindly jests at mankind 
he notes that the average human being 
is not merely slow in changing his 
thought habits, but actually “fact resis- 
tant” to a considerable degree. He says 
that adults “ought to be quarantined” 
largely because of their attitude toward 
economic questions, and that the wild 
turkey is “too nearly human” to escape 
from a trap-pen when food is gone and 
and get into the nearby woods where 
there are abundant crops of beechnuts 
and other delicious things. Indeed, 
Dr. Morris is of the opinion that the 
turkey would favor birth control. 

Before draining the wet lands of the 
country at great public expense, and 
converting them into tillable (or un- 
tillable) fields, chiefly for the enrich- 
ment of the real estate promoter, he 
would have them considered as to their 
suitability in their present condition 
for useful forms of plants or animals. 
Along with rice and cranberries al- 
ready grown on such lands, he would 
include, in particular, the water chest- 
nut and lotus, and with the animals he 
would include fish, crawfish, the mus- 
quash, waterfowls, and various fur- 
bearing animals. Also, where condi- 


tions were suitable he would grow wil- 
lows for baskets, and the silkweed for 
garment manufacture. 

Dr. Morris would plant much of the 
marginal upland of the country to nut 
trees and by judicious care, chiefly in 
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the way of mulching, he would hold 
down labor costs, check erosion and 
allow the trees to take their time to 
develop and come into bearing. Part 
I concludes with a history of the or- 
ganization of nut growers into societies 
for the purpose of advancing the pro- 
duction side of the industry. 

Part II has a chapter on seeds, soils, 
and transplanting ; one on grafting, one 
on hybrids and one on orchard care, 
intercropping, pruning and parasites. 

Part III is devoted to chapters on 
special genera, species, and varieties of 
nuts. Hickories come first, as they 
have long stood closest to the author's 
heart. These are followed by walnuts 
of the more important species, hazels 
(including filberts), chestnuts, pines, 
the beech, the oaks, and the almond. 

The buoyant optimism characteristic 
of an eminently successful physician 
pervades the whole book. Whether 
such confidence could make a majority 
of men into successful propagators of 
the difficult walnuts and hickories or 
growers of profitable nut crops may be 
open to question, but certainly with it 
they would be vastly more likely to 
succeed than without it. The fact that 
in this northeastern part of the coun- 
try no one is today making a profit out 
of nut orcharding does not prove that 
with new optimism, new varieties and 
new information, scores will not be do- 
ing so tomorrow. (“Tomorrow,” it 
should be remembered, to the grower 
of the rather slowly maturing nut trees 
must represent a lapse of several years, 
possibly a decade.) 


Walnut Hybrids 


A moot point in regard to certain 
walnut varieties concerns the “butter- 
nuts,” as they are called, or more spec- 
ifically, “butterjaps,” which are borne 
by seedling Japanese walnut trees. The 
author assumes, as do many others, 
that these are due to natural crosses 
with the American butternut. Much 
circumstantial evidence supports this 
viewpoint. It is well known that, un- 
der favorable conditions, walnuts of all 
kinds hybridize freely, and the Jap- 
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anese walnut and the butternut of this 
country have much in common, par- 
ticularly with reference to botanical 
characteristics and blossoming dates. 
However, few would be willing to haz- 
ard a guess as to the maximum distance 
which walnut pollen of any kind might 
be carried effectively. 

It would seem equally tenable to as- 
sume that butterjaps may be due either 
to hybridization with any one of a 
number of species of Juglans, includ- 
ing the American butternut, the East- 
ern black walnut, J. nigra, the Man- 
churian walnut, J. mandschurica, or pos- 
sibly some other, or else that they are 
due to reversion. If they occurred only 
in second or later generations grown in 
this country and were there no other 
conflicting evidence, there would prob- 
ably be general accord with the theory 
of butternut hybridity. But they some- 
times occur on trees grown from seed 
imported direct from Japan, which 
clearly upsets the theory of exclusive 
butternut relationship. A letter to the 
Department of Agriculture, dated Janu- 
ary 27, 1899, written by the late Luther 
Burbank, who probably had more ex- 
perience with the Japanese walnuts 
than has any other individual up to the 
present time, indicates that in his opin- 
ion there was likely to be much rever- 
sion to parent types in any seed of 
walnuts brought direct from Japan. 
To quote from his letter: “Juglans cor- 
diformis is a sport from J. sieboldiana 
and is properly sieboldiana. Cordifor- 
mis sometimes comes from sieboldiana. 
Steboldiana is derived from J. mands- 
churica, They all run together and 
probably are all from the butternut 
family.” 

In other words, according to Bur- 
bank’s theory, these three types, al- 
though each has been given recognition 
as a separate species, are but forms of 
a single species and the offspring of 
any one is likely to revert back to any 
of the three forms or to intermediates. 
From this, we might assume that, if 
Mr. Burbank were alive today and 
should be asked how to account for 
the phenomenon of butterjaps, he would 


do so on the ground of reversion, 
rather than of hybridity. Nevertheless, 
distinct resemblances to the eastern 
black walnut sometimes manifest them- 
selves in the offspring. The late W. 
G. Bixby, Baldwin, L. IL. planted a 
quantity of butterjap seed which had 
been grown in northern Indiana. None 
of the resulting trees is yet in bearing, 
but the bark on the trunks of some is 
distinctly like that of the black walnut. 
Also in Galena, Maryland, which is in 
that part of the state on the Chesapeake 
Peninsula where the butternut is not 
indigenous, there is a tree originating 
from a locally grown Japanese walnut, 
which produces nuts more like black 
walnut than butternut. Black walnut 
trees grow in abundance all about the 
parent Japanese walnut tree. 

From this, it might be assumed that 
the Galena tree resulted from a Jap- 
anese < black walnut cross, but not a 
hundred feet from it there is a sister 
tree grown from the same lot of seed 
which produces nuts distinctly of but- 
ternut type. Also, the Persian walnut, 
J. regia, is hardly less common in the 
same neighborhood than is the black 
walnut, and the blossoming dates of 
that species coincide closely with those 
of the Japanese walnut, whereas the 
black walnut usually blossoms consid- 
erably later. 

These comments are, of course, not 
wholly in disagreement with the theory 
that the American butternut is not in 
part, or even largely, responsible for 
the occurrence of butterjaps in this 
country, but they do indicate that not 
all such nuts can be accounted for in 
this way. Also, they indicate, some- 
what strongly, that it is extremely dif- 
ficult to account satisfactorily for all 
of the many forms which the student of 
walnuts constantly encounters. 

On the whole, Nut Growing is an ex- 
tremely informative book which should 
be in all horticultural libraries. The 
style of presentation makes it thought 
provoking from beginning to end. No 
nut planter should be without it. 

C. A. REep. 

U. S. Department of Agriculture. 
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BUD POLLINATION IN CABBAGE 
AND RADISH 


Some Examples of Conspicuous ‘“Pseudo-fertility” in 
Normally Self-incompatible Plants 


Yorrt KaxizAki and TApAYUK! KasalI* 


ABUNDANT SEED PRODUCED BY BUD POLLINATION 
Figure 10 
All flowers were self-pollinated, but on the left inflorescences the flowers were pollinated 
when they bloomed and almost no seed was obtained owing to high self-incompatibility. On the 
inflorescences to the right, the flowers were pollinated in the bud stage and abundant seed was 
raised by pseudo-fertility. The photograph at the left shows Petsai cabbage; that at the right 
shows Japanese radish. . 


N self-pollination of essentially self- be increased to a considerable degree 
incompatible plants or in pollina- when flowers are pollinated in the late 
tion of cross-matings which are bud stage before they open. This phe- 
normally incompatible, the fertility may nomenon has been given the designation 


*Tohoku Imperial Experimental Farm and Saitama Agricultural Experiment Station, re- 
spectively. This experiment was made at the Saitama Agricultural Experiment Station, Urawa, 
Saitama, Japan, in 1932 when the senior author was at that station. 
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“pseudo-fertility.”. Kakizaki* proved 
that, in Brassica oleracea, var. capitata, 
the highest pseudo-fertility was obtained 
when flower-buds were pollinated about 
two days prior to their blooming. He 
explained this phenomenon, from ‘re- 
sults of thorough experiments made 
with this plant, as due mainly to in- 
sufficient presence of the so-called “in- 
hibiting substance,” which inhibits the 
pollen-tube growth in the stylar tissue, 
owing to immaturity of the style. The 
present paper is to report some evi- 
dences of the same phenomenon ob- 
tained by a small experiment with two 
other species of Cruciferae. 

As material for the experiment, 
there were chosen six plants of the va- 
riety Chiifu of Petsai or Chinese cab- 
bage, Brassica pekinensis, and four 
plants of the variety Nerima of Japa- 
nese radish, Raphanus sativus. On a 
part of the inflorescences of each of 
these selected plants, flower-buds were 
examined every day, and they were 
pollinated in order as they reached the 
proper stage, two or three days before 
they were expected to bloom, with fresh 
pollen from older flowers on the same 
inflorescence. On another part of the in- 
florescences, for the purpose of control, 
flowers were also examined every day 


TABLE I.—The pollination result in Petsai 
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and were pollinated when they bloomed 
with pollen from other fresh flowers 
on the same inflorescence. Of course, 
all of the inflorescences experimented 
with were bagged as a_ protection 
against accidental crossing. Also some 
of the basal and terminal flowers were 
discarded as they are apt to be un- 
healthy. The result of the experiment 
thus made is given in Tables I anc II. 

In both Petsai and radish, essentially 
different grades of self-incompatability 
are encountered with different indi- 
viduals. The result given here shows 
that, by bud-pollination, the fertility in 
selfing is not decreased at all but it 
is notably increased especially in the 
plants which are highly self-incompatible. 
Thus, in an individual of Petsai, the 
average number of seeds resulting per 
flower was 0.13 in pollination of open 
mature flowers, in contrast with 17.63 in 
bud-pollinations ; and in a plant of radish 
0.04 contrasting with 2.53. A part of 
the inflorescences of each of these Petsai 
and radish plants at their maturity is 
shown in Figure 10. 

It may be added that, at the Saitama 
Agricultural Experiment Station, the 
bud-pollination method has been used 
extensively and with success, since 
1929, to raise selfed seed in the course 
of the practical breeding of various 
cruciferous plants. 


by TABLE 11.—The pollination result in radish 
Mature 15 0.13 
Mature - 84 22 0.26 Plant 535 3 Eve 
2 In bud . 62 802 12.94 No. 
Mature _ 19 61 3,21 __ eee 25 1 0.04 
28 272 9.71 38 96 2.53 
Mature 137 588 4.29 Mature 16 2 0.13 
111 1257 11.32 14 32 2.29 
Mature 17 139 8.18 Mature 18 0.55 
5 In bud 18 241 13.39 51 2.32 
Mature — 32 358 11.19 Mature _. 18 1.29 
‘ht to 32 387 12.09 4 In bud — 18 32 2.32 


*KAKIZAKI, Y. 


1930. Studies on the genetics and physiology of self- and cross-incom- 


patibility in the common cabbage (Brassica oleracea L., var. capitata L.) Jap. Jour. Bot. 5: 


133-208. 
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CONGENITAL MELANOTIC SKIN 
TUMORS IN SWINE 


Juttus E. Norpspy* 
University of Idaho, Moscow, Idaho 


BOAR with a “wart” on his 
A loin was purchased to head a 

herd of sows in the fall of 
1930 (Figure 12). The buyer observed 
the “wart” at the time of purchase 
but did not know how much signifi- 
cance to place upon it, since he had 
had no experience with such a defect. 
The defect was on the loin and would 
obviously be removed anyway when 
the pig was eventually slaughtered. 
The pig had an excellent show ring 
record: he had been placed first as a 
junior pig at a creditable state fair in 
a class of ten pigs, and had later placed 
second in a class of twelve at an inter- 
state show. In all probability both 
judges saw the defect and preferred 
to overlook it rather than to attempt 
to estimate its significance. 

At the present time there is no ques- 
tion in the mind of the buyer of the 
boar with respect to the significance 
of the “wart,” for similar “warts” 
have appeared in all five crops of pigs 
since the fall of 1930. In all, there 
have been ten or more pigs with warts 
produced in the herd without any in- 
breeding back to the original boar. 
When this boar (1, Fig. 12) was bred 
back to two of his affected daughters 
(4 and 5, Fig. 12) eight pigs with 
warts were produced in three litters. 
The owner of the boar, who sells 
purebred breeding stock, has informed 
the author that “buyers invariably re- 
fuse to buy boars or sows that have 
warts.” 


Description of Defect 


These warts are not the same as 
the common warts described by Wile 
and Kingery*® and by Kingery,? which 


these investigators found to occur 
alone or as multiple “daughter warts” 
that are infectious. Nor are they the 
same as the common warts in cattle 
that have been investigated by Creech," 
who described them as a “specific type 
of epithelial overgrowth non-malignant 
in character.” Kingery, however, has 
described pigmented moles in swine 
“that are relatively common and in 
some cases they become malignant, 
probably as a result of irritation inci- 
dental to treatment. These moles are 
sometimes pigmented with melanin, and 
when interfered with develop into mal- 
ignant melanosarcomata.” The moles 
described in this paper have appeared 
throughout to be benign. Inasmuch 
as these defects are apparently not the 
same as the common warts, but are 
more like the common mole found in 
man, they will be referred to as moles 
hereafter in this paper. 

The moles are comparatively small 
on baby pigs. Those that have been 
observed vary from two millimeters 
or less in diameter to eight millimeters. 
the most common size is about five 
millimeters in diameter. They are soft 
and heavily pigmented, and are con- 
fined to the cutaneous tissue. The sur- 
face is somewhat nodular, and hairs 
are found in the border of the mole. In 
the adult (Figure 114) the surface of 
the mole is very nodular and is somewhat 
harder than the rubbery interior, which 
is inky throughout with the exception of 
an occasional intermingling of epithelial 
tissue. These moles are essentially col- 
lections of pigment cells which are 
irregular in shape and relatively large. 
In one adult (Fig. 11) the mole was 
two and one-half inches in diameter and 


* Published with approval of the Director as Research Paper No. 95 of the Idaho 


Agricultural Experiment Station. 
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A SKIN TUMOR (MOLE) INHERITED 
Figure 11 


In spite of a pigmented mole on his loin, the sire (J in the pedigree chart, Figure 12) 
of this sow was chosen for breeding purposes, because of an excellent record, and be- 
cause the genetic significance of the “wart” was unknown. The occurrence of similar moles in 
three generations of his progeny (see Figure 12) leaves no doubt that a genetic basis exists, though 
the exact mode of inheritance cannot be deduced from the data at hand. Below are shown three 
views of a ham dressed from this sow. These show the disfiguring nature of the defect, and that 
it is limited only to the skin (D). This sow is designated 4 in Figure 12. 


was three fourths of an inch thick in to the maximum cross section of the 
the center (Figure 11D). The area’ mole. Not all moles on mature animals 
of attachment is almost equal in size are so large as the one just described. 
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INHERITANCE OF “WARTS” IN SWINE 
Figure 12 
This pedigree chart of the inbred matings of the original “wart’-bearing boar (1) shows 
that the character is not inherited as a simple recessive. If it were, all the offspring of affected 
individuals should have “warts.” Neither is simple dominant inheritance indicated. Comple- 
mentary factors therefore are probably involved, or the character is one that manifests itself 
only under certain special conditions of environment or development. 


The average diameter of all other 
moles on mature animals observed is 
about one and one-half inches. 


Economic Importance 


Warts have a considerable economic 
importance in cattle’ since they affect 
the value of the hides. Inasmuch as 
these moles are confined to the cutan- 
eous tissue it might seem that they 
would have little influence on the value 
of pigs bearing them, since pig skins 
are not used so extensively as are cat- 
tle hides. The moles are found along 
the back, sides and on the hams. While 
they have not been observed on the 
shoulders in the specimens studied 
there appears no reason why they may 
not be found on almost any part of 
the body. It is apparent that the mole 


would have to be removed from any 
pork cut that enters trade channels. 
The “regular” ham (Figure 11B) con- 
taining such a mole is not acceptable, 
as is evidenced by the “United States 
Retained” tag. It will be observed that 
when this ham is trimmed as a 
“skinned” ham (C) the mole is still in- 
tact. 

The removal of this mole would 
have left a skin blemish so conspicuous 
as to draw marked disapproval from 
the trade. It was, therefore, necessary 
to remove the skin to a point clearly 
below the mole. This caused the ham 
to sell as a “broken” ham at a loss 
of about twenty-five per cent. It is 
not sufficient merely to remove the 
mole. It is necessary to remove the 
skin, to which it is firmly attached, 


364 The Journal 


and this produces a skin injury with 
a consequent loss in value. It would 
seem that these instances of impaired 
value are sufficient reason for breeders’ 
discriminating against pigs showing 
such defects. 


Inheritance of Defect 


It would seem that the appearance 
of ten or more pigs with moles in a 
herd headed by a boar carrying a mole 
would point rather significantly to its 
inheritance. The sows in the herd ob- 
viously carried the factor also but 
pigs with moles had not been ob- 
served before they were mated to the 
affected boar. When the affected boar 
was mated back to two of his daughters 
(4 and 5, Fig. 12) pigs with moles were 
produced. Eight affected pigs were pro- 
duced in three litters. When the affected 
sow (5) was mated with boar (6) there 
were no affected pigs farrowed. This 
mating as well as the other matings noted 
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in Fig. 12 would indicate that the defect 
is not due to a simple dominant factor. 
All of the moles noted were congenital, 
but it is probable that the defect is not 
100 per cent congenital. if this hypo- 
thesis is correct it may explain the incom- 
pleteness of the expected ratios prevail- 
ing at birth. 


Summary 


1. Congenital melanotic cutaneous 
tumors in swine have been described. 

2. These tumors, commonly referred 
to as “warts” or pigmented moles, are 
apparently benign. They are probably 
not 100 per cent congenital. 

3. They are economically important 
and appear to be hereditary. 

4. In order to eliminate the defect 
it seems desirable and necessary to 
dispose of all males and females that 
are affected or that have produced 
pigs which carry moles. 
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Statistical Contradictions 


SOME RECENT RESEARCHES IN 
THE THEORY OF STATISTICS AND 
ACTUARIAL SCIENCE, by J. F. StTerren- 
= 52 pages. Cambridge University Press. 

HIS book consists of three lec- 

tures delivered at the University of 
London by Dr. Steffensen, who is Pro- 
fessor of Actuarial Science at the Uni- 
versity of Copenhagen. 

The thesis of the first lecture is that 
the estimation formulae for the vari- 
ous statistical and actuarial constants 
must not be allowed to contain con- 
tradictions. the biometric 
standpoint the most interesting part of 
the discussion is in connection with 
the so-called presumptive values of 
frequency moments, of which the most 


me for 


familiar is the value ——-— 


the presumptive second moment from 
the mean used in place of mt the ac- 
tual average squared deviation from 
the mean. The author points out a 
number of contradictions which may 
arise from the use of this system of pre- 
sumptive values. Thus mathemati- 
cians are not yet agreed on the exact 
formula for the presumptive fourth 
moment since different results follow 
the use of what seem equally good prem- 
ises. Even in such a simple problem as 
fitting a normal probability curve to 
data, absurd results can be obtained 
by use of presumptive first and second 
moments. 

The simplest illustration of such a 
contradiction is in the case of the sec- 
ond moment itself. The relation be- 
tween the second moment about the 


= 
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mean and the second and first mo- 
ments about the origin, viz. m2—m'2— 
m';? is an algebraically exact one. 
Substitution of the presumptive values 
for m’s and m’;, does not alter the 
value of m2 since for moments about 
the origin, the presumptive values are 
identical with the simple averages of 
the appropriate powers. Yet by a dif- 
ferent derivation the presumptive val- 
ue of the second moment about the 


The author con- 


n 
n—l 


cludes that “neither of the two sys- 
tems of presumptive values of fre- 
quency constants which have so far 
been proposed, respectively by Thiele 
and Tschuprow, is free from contra- 
dictions and that a strong case can be 
made even against the time honored 
Gaussian formula for the second mo- 
ment. He questions the desirability 
of using the presumptive values at all. 

The question is a rather important 
one. Thus corrections of frequency 
constants of this type occupy a cen- 
tral position in the methods presented 
by R. A. Fisher in his widely used 
text. To the reviewer, it appears that 
some at least of Steffensen’s contradic- 
tions rest on a confusion of mean- 
ings. Thus the formula m:=m’',—im’,* 
must be interpreted as giving the 
presumptive value of the second mo- 
ment about the presumptive value of 
the mean, i.e., about a definitely as- 
signed value. On the other hand, the 


Gaussian presumptive value Me 
n—1 
in Fisher’s nomenclature) the 


presumptive value of the second mo- 
ment about the true mean, i.e., about 
a value which can not be accurately 
assigned. From the nature of the 
case, the presumptive values of differ- 
ent moments can not form a consistent 
system. Each gives the best estimate 
for the corresponding single param- 
eter of the theoretical total population. 
But in getting the best value of a 
function of two or more parameters, 
one can not blindly substitute the 
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separate presumptive values. Thus in 
the fitting of a normal probability 
curve, the ordinates are functions of 
both the mean and second moment. 
The acceptance of the observed mean 
requires acceptance of the best value 
of the second moment about this val- 
ue, i. e., requires the use of mtg instead 
of k,. In other cases the determina- 
tion of the presumptive value of a 
function of two or more moments is a 
more difficult problem. 

Apart from the danger of contra- 
dictory results, is the question, also 
raised by Steffensen, whether the dif- 
ferences between presumptive values 
and the actual moments are ever great 
enough to be worth the trouble of an 
additional step in the calculation. The 


1 
corrections are of the order— while 
the standard errors of the statistics 


are of the order —!— which is in gen- 
\/n 

eral much larger. It is here necessary 
to distinguish two purposes for which 
statistics are used. Where the abso- 
lute value of a statistic is the question 
of interest, numbers must be so large 
that the corrections are in general 
utterly negligible. On the other hand 
where the question at issue is of the 
reality of a statistic (as of a differ- 
ence or of a correlation, which may 
legitimately be asked even when the 
numbers are small) the appropriate 
presumptive values should be used to 
avoid a bias toward assigning more 
significance than is really warranted. 

The second lecture deals with a com- 
mon neglect of the difference between 
interpolation in a series of calculated 
values of a mathematical function, and 
graduation of a series of observations. 

The third lecture deals with the 
fitting of frequency distributions. 
Pearson's well known types are 
compared with the methods of devel- 
opment in series worked out by 
Thiele, Charlier, Edgeworth and oth- 
ers. The author finds the latter to be 
of a more artificial character, likely to 
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give negative frequencies with a finite 
number of terms, and considers the 
Pearsonian types as a rule preferable. 

He does not consider at all the 
method advocated by Galton of, mak- 
ing such a transformation of scale as 
will throw the distribution into the 
normal form. This method does not 
lend itself to the routine fitting of dis- 
tributions irrespective of hypotheses. 
It is experimental in nature. It is 
undoubtedly inappropriate in certain 
common cases, such as distributions 
for which the Poisson series is indi- 
cated. Nevertheless it gives much the 
most illuminating results in those 
cases in which a single logically de- 
rived transformation brings a whole 
family of superficially diverse distribu- 
tions under a common viewpoint. 

It is well known that a variate af- 
fected by a moderately large number 
of factors ( or groups of factors) 
which are independent in occurrence 
and not excessively unequal or asym- 
metrical in effect should theoretically 
approximate the normal curve in its 
distribution, provided only that the 
effects are additive. The problem is to 
find a scale on which each factor has 
the same effect throughout, or, more 
practically, a scale on which equally 
homogeneous populations have equal 
variability, whatever the values of 
their means. 

The actual work of fitting by this 
method is relatively small after dis- 
covery of a suitable transformation. 
Letting = f be the running sum of the 
percentage frequencies up to any class 
limit (V), prf? the symbol for the 
inverse probability function (% a in 
Pearson’s and Davenport's tables), F 
the transformation function of the 
scale, and m and s the desired mean 
and standard deviation on the trans- 
formed scale, we have 


f—50 


F(V)—m 


100 
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which is a straight line in a diagram 
in which the two functions have been 
plotted against each other. The par- 
ameters m and s are obtainable from 
the intercepts and once obtained can 
be substituted back in the formula to 
obtain the frequencies of the fitted 
curve.* 

Galton long ago suggested the ap- 
propriateness of a logarithmic scale 
for size characters. Most authors rec- 
ognize that coefficients of variability 
(closely related to the standard devia- 
tion on a logarithmic scale) are more 
comparable than standard deviations 
in the case of populations differing in 
such a character. For characters 
measured on a scale of percentage of 
occurrence or extent, the logical trans- 
formation is often one in which the 
deviations from 50 per cent are re- 
placed by their inverse probability 


functions. 
V—50 
prf? (—- 
100 


> {—5O 
)- 
100 


The distribution of percentage of 
white in the coat patterns of different 
strains of guinea pigs can be fitted 
very nicely with Pearson’s curves and 
doubtless could also be fitted by the 
Gram-Charlier series but the compari- 
son of four (or more) parameters 
found for the different strains would 
lead to no results of biological sig- 
nificance. On the other hand, the 
above transformation brings the super- 
ficially very diverse distributions un- 
der a common viewpoint in which 
the two parameters, mean and stand- 
ard deviation, are capable of imme- 
diate interpretation and in which the 
latter can legitimately be analyzed 
with respect to the rdles of genetic and 
environmental factors. 


SEWALL WRIGHT. 
University of Chicago. 
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162-178. 


1920. Proc. Nat. Acad. Sci. 6:320-332; 1926, Jour. Amer. Stat, Assoc. 21: 


2 
: 
‘the 
“i 


A Glossary Of Genetic Terms 


ENETICS has developed so rapidly that many terms in common use in 


genetic literature are not yet incorporated in the dictionaries, 


Many 


people who are interested in heredity are bothered by such words, for 
which no definition can conveniently be found. For this reason, it is proposed to 
publish occasionally a glossary of terms which would not be readily understood 


and which are not to be found except in new unabridged dictionaries. 


It is 


realized that these definitions will probably not meet with universal approval and 
comments and suggestions will be welcomed. 


AGGLUTINOGEN—A_ substance from which an 
agglutinin is produced; which, in turn, is 
a substance which has the property of 
clumping and precipitating certain specific 
types of blood corpuscles or bacteria. 

ALLELOMORPH—Mendelian characters are in- 
herited in alternative pairs, or in alternative 

These alternative genes are called 


series. 
allelomorphs. Examples: Albinism (reces- 
sive), Normal pigmentation (dominant) ; 
Horns (recessive), Hornlessness (domi- 
nant). 
CHROMOSOMES—Tiny dark-staining bodies 


visible in the nucleus of the cell at the time 
of cell-division. The number of chromo- 
somes in any species is usually constant. 
The chromosomes carry the genes, linearly 
arranged, which control the development 
of Mendelian characters. 

DreLoi—Having two sets of chromosomes. 
Body-tissues of higher plants and animals 
are ordinarily diploid in chromosome con- 
stitution. 

Dizycoric—Originating from two fertilized 
eggs. Dizygotic twins are genetically no 
more similar than ordinary brothers and 
sisters. 

DomiInant—A character possessed by one 
of the parents of a hybrid, which appears 
in the hybrid to the exclusion of the con- 
trasted character from the other parent 
(the recessive). Thus in a cross of 
green- and yellow-seeded peas the first 
generation has yellow seeds. Yellow is 
dominant and green is recessive, being 
transmitted but not appearing in the pres- 
ence of the factor for yellow. 

EXTENSION Factor—A factor (gene) which 
extends the action of a primary gene. 
Thus, a_ spotting gene produces larger 
spots, or even an entirely pigmented coat 
in the presence of an extension factor. 

Facror—Same as Gene. 

F,—(Pronounced eff-one). The first filial 
generation. The offspring of a given 
mating. 

F.—The second filial generation. Produced 
by intercrossing or self-fertilizing the F. 
The inbred grandchildren of a _ given 
mating. 

Fisston—A cleaving, splitting, breaking up 
into parts. 

Gamete—A reproductive cell of either sex; 

e. g. sperm or ovum. 


Gene—(1) The unit of inheritance, which 
is transmitted in the germ cells, and which 
by interaction with the genic and cyto- 
plasmic complex controls the development 
of a character. The genes are arranged 
linearly in the chromosomes. (2) “The 
physical basis of heredity”—or “more fig- 
uratively, the atom of the genetic mole- 
cule. 


HapLow—Having the reduced number of 
chromosomes, as in germ cells, as dis- 
tinguished from the diploid or double num- 
- of chromosomes in normal somatic 
cells. 


HeEtTERozycous—Containing both genes of an 
allelomorphic pair, or two genes of an 
allelomorphic _ series. Heterozygous 
dividuals generally resemble the individuals 
homozygous for the dominant character, 
but they transmit the recessive to half their 
offspring. 


Homozycous—(1) An organism formed by 
like germ cells; (2) An organism is said 
to be homozygous for a given character 
when all the germ cells transmit identical 
genes for this character. This is the most 
frequently used meaning of the term. 


HypoctycemMia—A_ condition of the blood 
characterized by a percentage of sugar 
less than normal (normal blood has from 
70 to 120 miligrams of sugar per cubic 
centimeter ). 

LInKAGE—Association of genes inheri- 


tance, due to the fact that they are in the 
same chromosome, 

Monozycoric—Originating from a single fer- 
tilized egg cell, which in the course of sub- 
sequent development has given rise (by 
fission) to two or more individuals. Twins 
(or triplets, etc.) of such origin are, bar- 
ring mutations, genetically identical. 

Mu Factors—In the expression of 
some characters more than two genes are 
necessary. Such cumulative or cooperative 
genes are called multiple factors. 

RecessivE—See Dominant. 


SEGREGATION—Separation of 
genes at meiosis. 
Zycote—An organism produced by the union 
of two germ cells. 


allelomorphic 
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